Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



GIFT OF 

Marston Campbell^ Jri 



P 




* ! 

* 1 



McGraw-Hill DookCompaip^ 

Electrical World TheEiigiieeriflg andMining Journal 
En5in9€»riiig Record Engineering News 

Eailw^ A^e Gazette American Machinist 

Signal Engineer AraericanEngjneer 

Electric Railway Journal Coal Age 

Mptallurgical and Chemical En^neering Power 



HOME STUDY COURSE 

IN 

Practical Electricity 



AN ELECTRICAL CATECHISM 



IN THREE VOLUMES ' ' 






« V 









VOLUME I 
PRINCIPLES AND SOURCES OF ELECTRICITY 



BY 

W. H. RADCLIFFE 

4^ 



First Edition 



McGRAW-HILL BOOK COMPANY, Inc. 
239 WEST 39TH STREET, NEW YORK 

6 AND 8 BOUVERIE STREET. LONDON, E. C. 

1916 









• • 



<K 



\4i-? 




« tf 



» 9 



* ' . . . - • . - 



g:ft of 



v.\ 



■^/^ <, L. J '/i- - '- --'-;<■.; .^^' ,y^ 



Copyright 1916, bt thb 
McGRAW-HILL BOOK COMPANY. Inc. 




PREFACE 

The keener competition in engineering, of late years, has 
forced the need for a more accurate and complete training of 
those who would succeed in this work. Young men starting in 
the electrical business without proper training are seriously 
handicapped, as are also practical workers such as power 
station men, engineers, electricians and operators of electrical 
machinery who have not acquired a fundamental knowledge 
of their work, so that it is no longer a question of choice 
whether or not they shall thoroughly understand the facts 
and principles of electricity; it is a matter of necessity. 

The purpose of the 1400 Questions and Answers given here 
is to meet this need by providing a simple and easily mastered 
course of instruction in practical electricity and the elements 
of electrical engineering. The contents should also prove 
useful as a reference guide for those who desire to ** brush 
up'' on rusty points and as a source of information for all 
who have occasion to use electricity in any form. 

The author originally prepared these Questions and An- 
swers for the magazine Power y in which they were published 
as an ** Electrical Catechism" more or less continuously 
from January 1, 1905, to July 16, 1912'. Owing to the wide- 
spread interest in the serial, the author was induced to 
assemble the material for publication in book form. In 
doing this, the descriptions and explanations have been care- 
fully revised and simplified to the utmost possible degree 
consistent with a thorough presentation of the subject, new 
illustrations prepared especially for the text have been added, 
and the material as a whole has been brought to date. 

Special care has been taken to make the reading matter 
easily understood, both by clear wording and by reference 
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letters on the illustrations; also, by introducing new sub- 
jects in the proper order for an easy grasp of their rela- 
tion to the preceding ones. The author takes this oppor- 
tunity to thank the many electrical manufacturing companies 
who have so generously cooperated with him in producing 
the work. 

W. H. R. 

Bbooklyn, N. Y. 
April, 1916. 
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I. What is electricity? 

Electricity is a f o^rm of energy, and is known to us merely 
by the effects which it produces. As to the constituents of 
electricity we know practically nothing; but we are equally 
ignorant of the nature of gravity. Who, for example, can 
explain why an unsupported body falls toward the ground? 
To say it does so by reason of the body being heavier or 
weighing more than the surrounding air is simply reasoning 
in a circle, for without gravity there would be no weight, and 
of gravity we know nothing except the effects produced. 

Notwithstanding this ignorance of what gravity really is, 
no one hesitates to place an order for a pile driver through 
fear that gravity, upon which the driver depends for its oper- 
ation, will fail to perform its function. Thus it is that, 
although nothing is known of gravity itself, the effects which 
it produces are well known and the laws governing its action 
are perfectly understood. 

Similarly with electricity, we know the conditions under 
which it can be produced, the manner in which it can be 
controlled and the effects resulting from its use. In short, we 
know all that is necessary to be known about electricity in 
order to derive from it the greatest benefit. Nothing would 
be gained in a commercial way were its constituents also 
known, so that an insight as to the exact nature of electricity 
is reaUy immaterial. 



2 



ELECTRICAL CATECHISM 



2. By what methods may a current of electricity be gen- 
erated on a commercial scale ? 

Up to the present time there are but two methods available 
for the generation of a current of electricity on a commercial 
scale. Of the two methods, one is by chemical action, and 
this method is considered practical only for the production 
of a small current at a moderate pressure. Such currents, 
however, are very useful in operating electric bells, annun- 
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Fig. 1.— Battery Cell. 

ciators, burglar alarms and the delicate instruments used in 
telephony and telegraphy. They are also useful for obtain- 
ing electrical measurements, and in most cases of experimental 
work. When electricity is produced for the purposes just 
mentioned by chemical action, it is generated in a battery 
cell. Fig. 1. The manner in which a current of electricity 
is thus produced will be described in detail when the subject 
of battery cells is being considered. 

The second of the two methods employed for generating a 
current of electricity on a commercial scale is by magnetic 
induction ; in other words, by cutting magnetic lines of force 
with a number of closed coils of wire. This is the principle 
apon which operate the dynamos or electric generators which 
are to-day flooding with power and light all the civilized coun- 
tries of the globe. The manner in which the magnetic lines 
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of force are obtained in an electric generator. Fig. 2, and the 
arrangement of the coils of wire, are features which will 
be explained in connection with the description of these 
machines. 

3. Describe the analogy between the flow of electricity 
in a wire and the flow of water in a pipe. 

That which forces electricity through a wire is the volts 
or voltage. It is sometimes called the pressure, the eleetro- 



F(g. 2. — EiBctric Generator. 

motive force, the difference in potential, but whichever term 
is used, it corresponds to the pressure in pounds per square 
inch that forces water through a pipe. 

Compare the two illustrations in Fig. 3, which shows a water 
system at the left and an electric system at the right. The 
pump corresponds to the generator, the high level pipe to 
the positive conductor, the low level pipe to the negative 
conductor, the water motor to the electric motor, the valve 
to the switch, and the size of the pipe to the size of the con- 
ductor or wire. 

Now, just as the pressure of the water in the pipe corre- 
sponds to the voltage, so the flow of water in gallons per second 
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corresponds to the flow of current in amperes. The larger 
the pipe the less resistance is offered to the flow of water, 
and the larger the wire conductor the less resistance in ohms 
is offered to the flow of current. 

In comparing the action of electricity with that of water, 
it must be borne in mind that there is in reality no such thing 
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Fig. 3. — Illustrating the Analogy between Electricity and Water, a 
Water System being shown at the Left and an Electric System at the 
Right. 

as ** electric fluid '' or ** electric juice '' and that water has 
both weight and mass, while electricity has neither. Owing 
to the similarity in the action of these two forces, however, 
the comparison is advantageous in impressing the character- 
istics of electricity upon the mind. 

4. What two conditions must be satisfied in order to 
obtain a current of electricity? 

First, there must be a conducting path for the current, 
and second, there must be a difference of potential between 
the two extremities of the conducting path, just as in the case 
of water there must be a difference of pressure between the 
ends of a pipe in order to force the water through it. 
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5. What is generally used as the conducting path for a 
current? 

The usual path provided for a current of electricity is of 
copper wire, copper being chosen because it offers a low 
resistance per unit of weight, is easily soldered in making 
joints, and is of a reasonable cost. 

It may be mentioned, however, that silver offers still less 
resistance to a current of electricity than does copper of the 
same length and area, but is far too expensive to be seriously 
considered for general use. Aluminum offers about half the 
resistance per unit of weight shown by copper, but does not 
possess as high a tensile strength and is not easily soldered. 
As compared with other metals, the advantages of copper as 
a conducting path for the current are still more pronounced. 

6. Is it impossible to obtain current from any source 
unless there is a difference of potential between its 
terminals? 

Current cannot be obtained from any source unless there 
is a difference of potential between its terminals. This dif- 
ference of potential is the voltage or pressure required to force 
current through any conducting path or circuit that may be 
joined to the terminals. 

The greater the difference of potential between the extremi- 
ties of the conducting circuit and the lower the resistance of 
the circuit, the greater will be the current that will flow 
through it. On the other hand, the less the difference of 
potential and the higher the resistance of the circuit, the 
smaller will be the current. 
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7. What is the unit of resistance? 

The unit of resistance is the ohm ; one ohm is equal to the 
resistance of a column of pure mercury 106.3 centimeters in 
height and 0.01 square centimeter in cross-section, at a tem- 
perature of 32 degrees Fahrenheit measured at sea level (1 
centimeter = 0.3937 inch). The ohm was named after George 
Simon Ohm, a German electrician who lived from 1787 
to 1854. 

8. What is the unit of current? 

The unit of current is the ampere; one ampere is that 
current which, when passed through a standard solution of 
nitrate of silver in water, deposits silver at the rate of 0.001118 
gram per second. (1 gram is the weight of a cubic centimeter 
of water at 39.2 degrees Fahrenheit.) The ampere was named 
after Andre Marie Ampere, a French physicist who lived 
from 1775 to 1836. 

9. What is the unit of electromotive force? 

The unit of electromotive force is the volt; one volt is the 
pressure which .will force a current of one ampere of elec- 
tricity through a wire having a resistance of one ohm. This 
unit was named after Alessandro Volta, an Italian physicist 
who lived from 1745 to 1827. 

10. What is Ohm's law? 

A law established by the discoverer of the ohm, and which 

is as follows: The current strength varies directly as the 

electromotive force, and inversely as the resistance. In terms 

of the three fundamental units just explained, the law is: 

The number of amperes flowing through a circuit equals the 

number of volts across the circuit divided by the number of 

ohms in the circuit. 

6 
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11. What is the usual method of expressing Ohm's law? 

In a formula, thus, / = -^, in which / represents the cur- 
rent strength in amperes, E the electromotive force in volts, 
and B the resistance in ohms. 

12. If 120 volts be supplied to a circuit which has a 
resistance of 20 ohms, what current, according to Ohm's 
law, will flow through the circuit? 

According to the problem the electromotive force E = 120 
volts, and the resistance B =^20 ohms. Substituting these two 

y E 

values for E and R in the formula I=z—^ there results 

120 
I =-977, which gives 6. Six amperes will therefore flow 

through the circuit. 

13. Can Ohm's law be expressed in other forms besides 
that given in answer to Question 11? 

It may be expressed thus, E =^ I B, which by interpreta- 
tion is : The electromotive force in volts across a circuit equals 
the current strength in amperes flowing through the circuit 
multiplied by the resistance of the circuit in ohms. 

Another form in which Ohm's law may be expressed is 

E 
B^i-j, This by interpretation reads : The resistance in ohms 

of a circuit equals the electromotive force in volts across 
it divided by the current strength in amperes flowing 
through it. 

Both these forms of Ohm's law are obtained from the orig- 

E 

inal equation 7=:-^, the first form by solving the equation 

E 

algebraically to obtain E^ thus if I = -« , then I B =: E, or by 

transposing, E =: I B. The second form is obtained by solv- 

ing the equation algebraically to obtain R, thus if 7 == -^, 

E 

then 7i? = E and from this B = -y. 



8 ELECTRICAL CATECHISM 

14. A current of 50 amperes is flowing through a circuit 
having a resistance of 10 ohms. What voltage, according 
to Ohm's law, is being supplied to the circuit? 

According to the problem the current / = 50 amperes, and 
the resistance B = 10 ohms. Substituting these two values 
for I and R in that form of Ohm's law in which E is ex- 
pressed in terms of / and R, that is in the form E =zl R, 
there results E = 50X 10, which gives 500. Five hundred 
volts are therefore being supplied to the circuit. 

15. What is the resistance of a circuit, according to 
Ohm's law, if a current of 2 amperes is obtained when the 
pressure supplied to the circuit is 15 volts? 

According to the problem the current 1 = 2 amperes, and 
the electromotive force E = 15 volts. Substituting these two 
values of / and E in that form of Ohm's law in which R is 

E 

expressed in terms of / and E, that is in the form Z? =: y, 

15 
there results R=i-^, which gives 7.5. Seven and one-half 

ohms is therefore the resistance of the circuit. 

16. Why is a thorough understanding of Ohm's law so 
important in the study of electricity? 

It is important for the reason that Ohm's law in its original 
and derived forms constitutes the basis of most calculations 
pertaining to electricity. It is obvious from what has already 
been explained that if any two of the three quantities E, I and 
R be known, the third can easily be -calculated by appljring 
the simple rules of arithmetic. 

17. Is the volt the only unit of pressure, and the ampere 
the only unit of current strength? 

They are the only units generally employed for these quan- 
tities ; in special instances where very small voltages and cur- 
rents are handled, a smaller unit of pressure called the micro- 
volt is used, and a smaller unit of current called the milli- 
ampere is employed. A microvolt is equal to 0.000001 volt, 
and a milliampere is equal to 0.001 ampere. A pressure of 
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0.000005 volt would therefore be called 5 microvolts, and a 
current of 0.002 ampere would be called 2 milliamperes. 

1 8. Is the ohm the only unit of resistance? 

It is the only unit generally employed for this quantity. 
As in the cases of pressure and current, however, there is a 
smaller unit of resistance called the microhm, employed in 
special instances. A microhm is equal to 0.000001 ohm. 
When considering very large resistance, a unit of resistance 
larger than the ordinary ohm isalso used. This unit is called 
the megohm, and is equal to 1,000,000 ohms. A resistance of 
0.000006 ohm would therefore be called 6 microhms, while a 
resistance of 8,500,000 ohms would be called 8.5 megohms. 

19. What unit is used to express a quantity of elec- 
tricity? 

The unit quantity of electricity is the coulomb ; one coulomb 
is the quantity of electricity transferred by a current of one 
ampere in one second. This unit was named after Charles A. 
Coulomb, a celebrated physicist who lived from 1736 to 1806. 

20. Give the formula that should be used for finding the 
quantity of electricity passing through a circuit. 

The formula is Q = 1 1, in which Q represents the quan- 
tity of electricity in coulombs, / the current strength in am- 
peres, and t the time in seconds during which the current is 
flowing. 

21. What quantity of electricity will pass through a 
circuit in 30 seconds if the current therein be 5 amperes? 

According to the problem the current 7 = 5 amperes, and 
the time ^ = 30 seconds. Substituting these two values in the 
formula Q =: It, there results Q = 5 X 30, which gives 150. 
One hundred and fifty coulombs of electricity will therefore 
pass through the circuit. 

22. Is there any other unit for expressing a quantity of 
electricity? 

Yes, there is a larger unit called the ampere-hour. 
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23. What is an ampere-hour? 

One ampere-hour is simply another way of saying 3,600 
coulombs, it being 1 ampere multiplied by 1 hour, or 3,600 
seconds. One ampere-hour or 3,600 coulombs might mean two 
amperes for one-half an hour, or one-half an ampere for two 
hours, as well as one ampere for one hour, since the product 
of the two factors in any one of these quantities gives one 
ampere-hour or 3,600 coulombs. 

24. What is the unit of electrical power? 

The unit of electrical power is the watt; one watt is the 
amount of power being expended in a circuit in which a cur- 
rent of one ampere is maintained by a pressure of one volt. 
The watt was named after James Watt, who lived 1736 
to 1819. 

25. Give the formula to be used for finding the watts 
expended in a circuit in terms of the current and electro- 
motive force. 

The formula is W =^ I E, in which W represents the elec- 
trical power in watts expended in the circuit, I the current 
in amperes flowing through the circuit, and E the electro- 
motive force in volts across the circuit. 

As in the equation for Ohm's law, if any two of the three 
quantities W, I and E are known, the third may readily be 

W 

found, for from W = I E may be obtained / = -tt and 

W ^ 

^ = T- 

26. Determine the electrical power expended in a circuit 
in which 4 amperes is flowing, and the pressure across the 
circuit is 120 volts. 

According to the problem the current 7 = 4 amperes, and 
the pressure E = 120 volts. Substituting these two values 
in the formula W = 1 E, there results W = 4 X 120, which 
gives 480. Four hundred and eighty watts are therefore 
being expended in the circuit. 
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27. Calculate the current in a 250-volt circuit where 750 
watts is being expended. 

According to the problem the pressure E == 250 volts, and 

the power W = 750 watts. Substituting these two values in 

W 750 

the formula 1=^-=-, there results 7= ^;^, which gives 3. 

Three amperes is therefore the current in this circuit. 

28. What is the electromotive force of a circuit in which 
720 watts is being expended when the current is 6 amperes? 

According to the problem the power W =: 720 watts, and 

the current 7 = 6 amperes. Substituting these two values in 

W 720 

the formula £'=-7-, there results E =^—^, which gives 120. 

1 D 

One hundred and twenty volts is therefore the electromotive 
force of the circuit. 

29. Give the formula to be used for finding the watts 
expended in a circuit in terms of the current and resistance. 

The formula is W = PR, and is obtained by substituting 
in the original formula, W — I E, the value of E, which has 
previously been found equal to IB. It follows, therefore, 
that W = I X I R=^ PR- The power thus represented is 
that used in overcoming the resistance R of the circuit, and 
is consequently termed the resistance loss of the circuit. 

30. What is the resistance loss in a circuit of 3 ohms 
resistance with a current of 4 amperes? 

According to the problem the current 7 = 4 amperes, so 
that P = 16 amperes. The resistance i? = 3 ohms. Substi- 
tuting these two values in the formula W = 7^7^, there re- 
sults W = 16X3 =48. Forty-eight watts therefore repre- 
sents the resistance loss in this circuit. 

31. Is the watt the only unit of electrical power? 

No, a larger unit called the kilowatt is often used; one 
kilowatt equals 1,000 watts. 
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32. What relation is there between watts and horse- 
power? 

One horsepower equals 746 watts. Accordingly, 5 horse- 
power = 5 X 746, or 3,730 watts, which may also be called 
3.73 kilowatts. 

33. Is there a unit for the electrical energy produced by 
electrical power operating for a given time? 

Yes; the unit of electrical energy is the watt-hour. One 
watt-hour is the energy represented by one watt operating 
for one hour. The same amount of energy would result from 
one-half a watt operating for two hours, or from two watts 
operating for one-half an hour. In like manner, 10 watt- 
hours might mean five watts for two hours, or two watts for 
five hours, or ten watts for one hour. 

34. Is there a kilowatt-hour? 

Yes ; it is the energy represented by one kilowatt operating 
for one hour. 

35. Is there a unit for expressing the work done in a 
circuit by a current flowing through it? 

Yes; this unit is the joule. One joule is the energy ex- 
pended in one second by one ampere flowing through a re- 
sistance of one ohm. 

36. What unit is used for expressing the capacity of a 
condenser or other body charged with electricity? 

The unit of condenser or electrostatic capacity is the farad ; 
one farad is the capacity of a body charged to a potential of 
one volt by one coulomb of • electricity. 

The farad, although in reality the unit of capacity, is so 
large that it exists only in imagination, the capacity of the 
earth being only about 0.0007 farad, and that of the sun 0.076 
farad. The practical unit, therefore, is the microfarad, which 
is one-millionth of a farad. 

37. What is the unit of electromagnetic induction? 
The henry; one henry is the induction in a circuit where 

one volt is induced by an inducing current which varies at 
the rate of one ampere per second. 
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As the henry is so large as to be seldom met with in prac- 
tice, one-thousandth of it, called the millihenry, is the induc- 
tion unit most in use. 

38. What types of thermometers are in use for measur- 
ing temperatures in electrical engineering work? 

The Fahrenheit thermometer, in which there are 180 equal 
divisions on the scale between the freezing and boiling points 
of water ; and the Centigrade thermometer, in which there are 
100 equal divisions on the scale between the freezing and 
boiling points of water. 

39. How may a reading on the Fahrenheit scale be con- 
verted into Centigrade measure? 

By subtracting 32 and multiplying by f . Thus with 68 
degrees Fahrenheit, 68 — 32 = 36, and 36 X i =20 degrees 
Centigrade. 

40. How may a reading on the Centigrade scale be con- 
verted into Fahrenheit measure? 

By multiplying by | and adding 32. Thus with 30 de- 
grees Centigrade, 30 X I = 54, and 54 + 32 = 86 degrees 
Fahrenheit. 
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41. What is a conductor? 

Any substance that offers only a slight resistance to the 
passage of an electric current. Theoretically, there is no 
substance that is a perfect conductor; that is, there is none 
that is entirely without resistance. In general, good con- 
ductors of heat are also good conductors of electricity. 

42. How are conductors rated? 

With respect to their conductivity or capability of conduct- 
ing an electric current. Conductivity is the reciprocal of 
resistance. If, therefore, a substance has a resistance of 
4 ohms, and another substance has a resistance of 8 ohms, 
their respective conductivities are i and | ; in other words, 
the conductivity of the former substance is twice that of the 
latter substance. 

43. Give a list of conductors in the order of decreasing 
conductivities. 

Silver, copper, gold, aluminum, zinc, platinum, iron, tin, 
lead, German-silver, mercury, charcoal, acids, water. 

44. What is an insulator? 

Any substance that offers much resistance to the passage of 
an electric current. Theoretically, there is no substance that 
is a perfect insulator; that is, there is none that offers so 
great a resistance as to entirely obstruct the passage of a cur- 
rent of electricity. In general, poor conductors of heat are 
insulators. 

45. Give a list of insulators in the order of decreasing 
conductivities. 

Oils, porcelain, wool, silk, resin, gutta-percha, shellac, 

ebonite, paraffin, glass, dry air. 

14 
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46. How are different insulators compared with respect 
to their resistance? 

By stating their specific resistances, that is the resistance 
between opposite faces of a cube of the substance measuring 
one centimeter on a side. 

47. Knowing the specific resistance of substances, can 
their relative conductivities be calculated? 

Yes. For example, if the specific resistance of silver be 1.521 
microhms and that of mercury be 99.74 microhms, then if 
the conductivity of mercury be taken as unity or 1, the rela- 
tive conductivity of silver will be 99.74 -4- 1.521 = 66 approxi- 
mately. That is, silver is 66 times as good a conductor as is 
mercury. 

48. Give a table showing the specific resistances and the 
relative conductivities of the metals mentioned in Answer 

43- 

Specific BeBistance Approximate 
Sabetance in Microhms at Relative 

Degrees Centigrade Condactivity 

_ (Mercury Unity) 

Silver 1.521 66. 

Copper 1.616 62. 

Gold 2.081 48. 

Aluminum 2.945 34. 

Zinc 5.689 18. 

Platinum 9.158 11. 

Iron 9.825 10. 

Tin 13.36 7.5 

Lead 19.85 5.0 

German-silver 21.17 4.7 

Mercury 99.74 1.0 

49. Upon what factors does the resistance of a substance 
depend? 

Its length, cross-sectional area and specific resistance. The 
resistance of a substance increases directly as its length and 
inversely as its cross-sectional area. Knowing this, and the 
specific resistance of the material composing the substance 
from the table given in Answer 48, the resistance of any length 
and size of conductor at degrees Centigrade can be 
calculated. 
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50. Does change of temperature affect the resistance 
of a substance? 

Yes, with metal conductors, each degree Centigrade rise in 
temperature causes an increase of about four-tenths of one 
per cent, in their respective resistances. Carbon, acids and a 
few alloys, however, decrease in resistance with a rise in 
temperature. 
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51. Calculate the longitudinal resistance at o degrees 
Centigrade of a bar of aluminum 2 centimeters in length 
and 1/2 square centimeter in cross-section. 

According to the table in Answer 48, the resistance at 
degrees Centigrade of a bar of aluminum 1 centimeter in 
length and 1 square centimenter in cross-section, is 2.945 
microhms. Since it is stated in Answer 49 that the resistance 
of a substance increases directly as its length, an aluminum 
bar 2 centimeters long would have a resistance of 2X 2.945 = 
5.89 microhms if its cross-section was 1 square centimeter. It 
is also stated in Answer 49 that the resistance of a substance 
increases inversely as its cross-sectional area, so that if this 
dimension be i square centimeter instead of 1 square centi- 
meter, the resistance longitudinally or along the length of 
the specified aluminum bar will be 2 X 5.89 microhms, which 
is 11.78 microhms or 0.00001178 ohm. 

52. What is the longitudinal resistance at o degrees 
Centigrade of a copper bar 6 inches long and 2 square 
inches in cross-section? 

According to the table in Answer 48, the resistance at 
degrees Centigrade of a bar of copper 1 centimeter or 
0.3937 inch in length, and 1 square centimeter or 0.155 square 
inch in cross-section, is 1.616 microhms. Applying the prin- 
ciples given in the preceding case to the one now in hand, it 
follows that if the copper bar was 1 inch long it would have 

a resistance of ^ ^^^„ of 1.616 microhms, but being 6 inches 

long it has a resistance of ^ ^^^„ of 1.616 microhms = 24.628 

microhms if its cross-section is 0.155 square inch. If its cross- 
section was 1 square inch instead of 0.155 square inch, the 

17 
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longitudinal resistance of the specified copper bar would be 
0.155 X 24.628 microhms, but being 2 square inches in cross- 
section its longitudinal resistance is i of 0.155 X 24.628 
microhms, which is 1.909 microhms or 0.000001909 ohm. 

53. Calculate the longitudinal resistance at 30 degrees 
Centigrade of a copper bar 6 inches long and 2 square 
inches in cross-section. 

It is obvious that, since the dimensions of this copper bar 
are the same as in the preceding case, its resistance at 
degrees Centigrade will be the same, and therefore equal to 
1.909 microhms. To find its resistance at 30 degrees Centi- 
grade, the principles given in Answer 50 must be applied. 
It is there stated that each degree Centigrade rise in tem- 
perature causes an increase in resistance of about four-tenths 
of one per cent., that is, an increase of 0.004. For the 30 
degrees Centigrade rise in temperature of the present case, 
the resistance of 1.909 microhms will be increased 0.004 X 
30 = 0.12. That is, 1.909 X 1.12 = 2.138 microhms or 
0.000002138 ohm will be the longitudinal resistance of the spe- 
cified copper bar at 30 degrees Centigrade. 

54. How may the resistance of a wire be determined 
from the table of specific resistances previously given? 

By first measuring the diameter of the wire with a microme- 
ter ; next, squaring the diameter thus found and multiplying 
it by 0.7854, for its cross-sectional area; and then, with the 
given length of the wire and its cross-section just determined, 
calculating its resistance as in the preceding cases. 

55. Is there an easier method of finding the resistance 
of a wire? 

An easier method would be to determine its size by means 
of a wire gage, and then from a wiring table find the resist- 
ance per unit length of wire corresponding to this size. If 
the resistance thus found be multiplied by the length of the 
wire expressed in the same units, the result will be the re- 
quired resistance. 



CALCULATION OF RESISTANCE 19 

56. Give a table showing the dimensions, carrying 
capacities and resistances of copper wire. 

See table on pages 20 and 21. 

57. Explain what is meant by " Gage No, — B. & S." 
in the first column of the wiring table on pages 20 and 21. 

This signifies the wire gage, or measure, in common use at 
the present time. It is called the Brown & Sharpe gage, al- 




1. American Standard Wire Gage for Copper Wire. 



though the same measure is also known as the American 
Standard Wire Gage. 

In practice, a metal disk cut as shown in Fig. 4 comprises 
the American Standard Wire Gage. To determine the size 
of a copper wire, by means of it, the wire is tried in the 
different slots cut around the outer edge until the slot is found 
in which the wire fits snugly. The number on the gage cor- 
responding to that slot is the B. & S. gage number of the 
wire. As Fig. 4 gives the exact size of the gage, the reader 
can form an accurate idea of the different sizes of copper 
wire from 5 to 36, the diameter of the wire being the width 
measured between the straight sides of the slot. 
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58. What is a mil? 

A mil is one-thousandth of an inch. 

59. What is a circular mil? 

A circular mil (cm.) is the unit of area when considering 
the cross-section of a wire: it is the area of a circle having 
a diameter of one mil and is therefore equal to 0.7854 square 
mil, or in terms of a square inch one circular mil equals 
0.7854 X (0.001)2 or 0.0000007854 square inch. From this it 
follows that 1,000,000 circular mils is equal to the area of a 
circle one inch in diameter, or 0.7854 square inch. 

According to the definition of a circular mil given above, 
the area of a wire in circular mils is found by squaring its 
diameter in mils ; hence the figures in the third column of the 
wiring table on pages 20 and 21 are the squares of the figures 
in the second column for the same size or gage of wire. 

60. What is meant by "Underwriters' wire"? 
Insulated wire approved by the Board of Fire Underwriters. 

By ** insulated wire " is generally meant copper wire covered 
with a non-conducting material such as silk, cotton or rubber 
to prevent loss or leakage of current through short circuits. 
Every electric current has a tendency to return to its starting 
or exciting point by the shortest route, and the object of the 
insulation is to make it go by a longer route and enable it 
to do some work on the way. The ** short circuit *' is a leap 
to the earth or some other conductor by which the current's 
journey is shortened. 

61. What is meant in the wiring table by the safe carry- 
ing capacity of wire? 

The current that can be transmitted by insulated wire with- 
out excessive heating. 

62. What is the distinction between " Rubber Insula- 
tion " and " Other Insulations "? 

** Rubber Insulation " refers to wires insulated with rub- 
ber compounds. ** Other Insulations " refer to wires in- 
sulated with weatherproof slow-burning compounds. The 
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former is used exclusively for all interior wiring, and the 
latter for outdoor work. 

63. Give some simple rules that may aid in remembering 
the wiring table given on pages 20 and 21. 

Bear in mind the dimenaions, carrying capacities and re- 
sistance of the No. 10 wire. This size of wire has a diameter 
of approximately 0.1 inch, averages 31 feet per pound, has 
a safe current carrying capacity of 25 amperes if it has a 
. covering of rubber insulation, and offers a resistance of 
1 ohm per 1,000 feet. As the gage numbers decrease from 
this point the diameters increase about 0.01 inch per num- 
ber, and as the gage numbers increase the diameters de- 
crease in about the same proportion. The area in circular 
mils for any gage number is the square of its diameter thus 
found. The feet per pound are halved every third decreas- 
ing number, and doubled every third increasing number. The 
current carrying capacity is doubled every fourth decreasing 
number, and halved every fourth increasing number. The ohms 
per 1,000 feet are halved every third decreasing number, 
and doubled every third increasing number. 

64. Express the diameter of No. i copper wire, B. and S. 
gage, in terms of a foot. 

According to the table on page 20, the diameter of No. 1 
copper wire is 289.3 mils. Since 1 mil =■ 0.001 inch, 289.3 
mils will be 289.3 X 0.001 inch — 0.2893 inch or 0.0241 foot. 

65. Calculate the number of feet in a cotl of No. 4 bare 
copper wire weighing 632 pounds. 

Turning to the table on page 20, it is seen that No. i bare 
copper wire weighs 126.4 pounds per 1,000 feet, which is 
0.1264 pound per foot," In 632 pounds of this wire there 
would therefore be 632 -=- 0.1264 = 5,000 feet. 

66. What resistance has 4 miles of No. o B. & S. copper 
wire at 23.9 degrees Centigrade? 

According to the table on page 20, the resistance per mile 
at 23.9 degrees Centigrade, of No. copper wire is 0.51885 
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ohm. For 4 miles the resistance would consequently amount 
to 4 X 0.51885 = 2.075 ohms. 

67. Find the resistance at 40 degrees Centigrade of 500 
feet of copper wire having a diameter of 80.808 mils. 

Consulting the table on page 20, No. 12 wire has a diameter 
of 80.808 mils. The resistance at 23.9 degrees Centigrade of 
this wire is 1.589 ohms per 1,000 feet, which is 0.001589 ohm 
per foot. For 500 feet, the resistance at this temperature 
would therefore be 500 X 0.001589 = 0.795 ohm. Between 
23.9 degrees and 40 degrees there is a difference or rise of 
16.1 degrees. According to Answer 50, each degree Centi- 
grade rise in temperature causes an increase in the resistance 
of metal conductors, of about four-tenths of one per cent. 
For 16.1 degrees rise there will consequently be an increase 
of 16.1X0.004 = 0.0644. That is, 1.0644X0.795 ohm = 
0.846 ohm, which therefore represents the required resistance. 

68. Determine the resistance at 75 degrees Fahrenheit 
of 6 miles of copper wire having an area of 1339079 circular 
mils. 

According to the table on page 20, No. 00 wire has an area 
of 133,079 circular mils, and this wire has a resistance at 75 
degrees Fahrenheit, of 0.41168 ohm per mile. For 5 miles 
the resistance at this temperature would be 5 X 0.41168 ohm 
= 2.0584 ohms. 

69. A coil of bare copper wire weighing 173 pounds has 
a resistance of 3.46 ohms. Calculate the size of wire com- 
posing this coil. 

The resistance per pound of this coil is 3.46 -=- 173 = 0.02 
ohm, and from the table on page 20 this resistance represents 
the number of ohms per pound of No. 9 wire. 

70. What size of insulated copper wire should be used 
for carrying currents up to 12 amperes? 

According to the table on page 20, No. 14 B. & S. copper 
wire would be the proper size. 
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71. Give a formula showing the relation between the 
area of a wire, its length, the current to be transmitted, and 
the desired drop in voltage due to the resistance of the wire. 

Let c. m. = the area in circular mils, 

I — the length of wire in feet, 

C = the current in amperes, 

V ^ the drop in voltage, and 

10.8 = the ohmie resiatanee per foot of copper wire 1 

mil in diameter at 75 degrees Fahrenheit, 

m, IXCX 10.8 
Then c. m.=: — — . 

V 

72. At 100 volts pressure, what size wire will be neces- 
sary to carry 25 amperes a distance of 200 feet with a 2 per 
cent, drop? 

A 2 per cent, drop in the present case is 100 X 0.02 = 2 
volts. Substituting, now, the known values in the formula 
„ IX CX 10.8 



there results 

_ 200 X 25 X lO.i 



= 27,000. 



Eeferring to the table, it is seen 27,000 c. m. lies between 
No. 6 wire, which has an area of 26,250.5 e. m., and No. 5 wire, 
which has an area of 33,102.2 c. m. In such a ease, the larger 
size wire must be chosen, which is No. 5, and as 25 amperes 
is well within the safe carrying capacity of this conductor it 
may properly be used. 

73. What distance on No. 13 B. & S. copper wire can 
15 amperes be transmitted at a pressure of no volts with 
1.5 per cent drop? 

Transposing the formula given in Answer 71 so as to ob- 
tain an expression for the length in feet I in terms of the 

other quantities, there results I = „ in o - ^o- 1^ B. & S. 

copper wire, according to the table on page 20, has an area 
of 6529.94 circular mils. The actual drop v is 110 X 0.015 = 
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1.65 volts. Substituting, now, the known values in the right- 
hand side of the new equation, it follows that 

,__ 1.65 X 6529.94 
15X10.8 ' 
which gives 66.5 feet. The permissible distance is, therefore, 
66 feet 6 inches. 

74. Calculate the current at 220 volts that can be car- 
ried 300 feet on a copper conductor having an area of 
26,250.5 c. m., with a drop not exceeding 4 volts. 

Transposing the formula given in Answer 71 so as to ob- 
tain an expression for the current in amperes C in terms of 

\) ^^C c tfi 
the other quantities, there results C = 'tZ7TK~q'' Substi- 

L X Iv.o 

tuting the given values in the right-hand side of this equation, 

it follows 

4 X 26,250.5 

300 X 10.8 ' 
which gives 32.1 amperes. As this current is well within the 
safe carrying capacity of the specified conductor, it may prop- 
erly be transmitted thereby. 

75. . Find the drop along a No. 000 B. & S. copper wire 
I mile in length when carrying a current of 25 amperes at 
a pressure of 500 volts. 

Transposing the formula given in Answer 71 so as to obtain 
an expression for the drop in voltage v in terms of the other 

quantities, there results v = '—. No. 000 B. & S. 

^ cm. 

copper wire, according to the table, page 20, has an area of 

167,805 circular mils. The 1 mile = 5,280 feet. Substituting, 

now, the known values in the right-hand side of the new equa- 

. i. ., ., X 5280 X 25 X 10.8 , . , . o c 
tion, it follows that v = ^^„ oq^ , which gives 8.5 

volts for the drop. 



ELECTRICAL CIRCUITS 

76. Are there difiFerent kinds of electrical circuits? 
Yes, there is a series circuit, a parallel circuit, a series- 
parallel circuit and a compound series-parallel circuit. 

77. What is a series circuit? 

A series circuit is one consisting of tseveral resistances joined 
together one after the other so that the same current passes 
through each of them in succession. A series circuit is illus- 
trated at A in Fig. 5, where a, d and c represent three 
resistances which might, for example, be the filaments of three 
incandescent lamps, 6 a battery cell for furnishing current, 
and k a key for opening and closing the circuit. These five 
parts^are joined together by the connecting wires m, n, s, etc., 
and are in series with each other. 

When the key k is open as in the illustration, no current 
passes through these five parts of the circuit, but the electro- 
motive force developed in the battery cell is on the circuit 
and will cause a current to flow when the key is closed. The 
current in amperes that will pass through the entire circuit 
will, according to Ohm's law, equal the electromotive force 
in volts developed in the battery cell, divided by the total 
resistance in ohms of the several parts of the circuit. 

These several parts are on open circuit if the key k is open, 
on closed circuit if the key k is closed, and short-circuited if 
the key k is closed and a conductor is made to join the wires 
leading directly from the battery cell. 

78. What current will flow through the series circuit, 
A, Fig. 5, if the electromotive force of the battery cell b 
be 2 volts, its resistance 0.25 ohm, the resistance of k 0.05 
ohm, the resistance of a i ohm, the resistance of d 1.7 ohms, 
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the resistance of c i ohm, and the resistance of the con- 
necting wire be negligible? 

E 

According to Ohm's law Z =— ; that is, 

K 



1 = 



0.25 + 0.05 + 1 + 1.7 + 1 ' 
which gives 0.5. The current flowing through this series 
circuit when the key is closed would therefore be 0.5 ampere. 

79., Mention the more common applications of the series 
connection to commercial purposes. 
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Fig. 5. — Different Forms of Electrical Circuits. 

In electric railway work, where the armature windings of 
the car motors are connected in series with their respective 
field windings ; in direct current arc lighting, where the lamps 
are joined in series with each other and with the generator ; in 
telegraphy, where batteries, keys, sounders, relays, line wires 
and ground returns are connected in series. 

8o. What is a parallel circuit? 

A parallel circuit is one composed of two or more branches 
so that the current is divided among them, the amount of 
current flowing in any one branch depending upon its resist- 
ance relatively to that of the others. A parallel circuit is 
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illustrated at B in Fig. 5 by the manner in which the two 
resistances a and c are connected with each other. 

If the resistance a is equal to the resistance c, current from 
the battery cell 6 will divide equally between a and c. If, 

« 

however, these two resistances are not equal, the current will 
divide inversely to their resistances. 

A parallel circuit is also known as a multiple circuit, a 
divided circuit, or a branched circuit, and the parts composing 
the same are referred to as being connected, in multiple, in 
shunt, or in parallel. 

8i. What current will flow through the parallel cir- 
cuit B, Fig, 5, if the electromotive force of the battery 
cell b be 2 volts, the resistance of a 6 ohms, the resistance 
of c 8 ohms, and the resistance of the battery cell and con- 
necting wires be negligible? 

It is first necessary to find the combined or joint resistance 
of the parallel circuit. This is best determined by consid- 
ering the conductivity which, according to Answer 42, is the 
reciprocal of the resistance. The resistance is also equal to 
the reciprocal of the conductivity. The conductivity of the 
parallel circuit as a whole is the sum of the conductivities of 
the separate parts; therefore, the resistance of the circuit as 
a whole is the reciprocal of the sum of the reciprocals of the 
resistances of the separate parts. The joint resistance is thus 

equal to 1 

joint conductivity 

and this, in turn, equals 

1 



conductivity of a + conductivity of c * 
Substituting in this last expression, 1/6 for the conductivity of 
a, and 1/8 for the conductivity of c, the fraction becomes 

1 

6^8' 

1 24 
which resolves itself into ■=- or — . The joint resistance of 

24" 
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2A 

the parallel circuit is, consequently, — or 3.4 ohms, and the 

2 
current flowing through the circuit as a whole is rx= 0.6 

ampere. 

82. If in the parallel circuit B, Fig. 5, 0.6 ampere be 
flowing through the circuit as a whole, what part of it is 
flowing through the resistance a, and what part through 
the resistance c? 

Since the resistance of a is 6 ohms, and the resistance of 
c is 8 ohms, 8/14 of 0.6 ampere = 0.34 ampere will flow 
through a, and 6/14 of 0.6 ampere = 0.26 ampere will flow 
through c. 

83. Mention the more common applications of the 
parallel connection to commercial purposes. 

In electric lighting, where incandescent lamps are wired 
in parallel with each other; also in shunt generators, where 
the armature windings and field windings are connected in 
parallel. 

84. What is a series-parallel circuit? 

A series-parallel circuit is one consisting of two or more 
series circuits in parallel with each other as at C in Fig. 5. 
Here the resistances a and c in series with each other, are 
connected in parallel with the resistances r and s, which are 
also in series with each other. This series-parallel circuit is 
supplied with current by the battery 6. 

The calculations for the joint resistance, the total current 
and the currents in the branches of the circuit are simple 
applications of the principles employed in Answers 78, 81 
and 82. 

85. Mention the more common applications of the 
series-parallel connection to commercial purposes. 

In electric lighting, both for car illumination and for street 
lighting, incandescent lamps are wired on the series-parallel 
combination. 
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86. What is a compound series-parallel circuit? 

A compound series-parallel circuit is one consisting of two 
or more parallel circuits in series as at D, Fig. 5, where the 
resistances a and c in parallel are connected in series with the 
resistances r and s in parallel. 

The calculations for the joint resistance, the total current 
and the currents in the branches of the circuit are simple 
applications of the principles employed in Answers 78, 81 
and 82. 

87. Where is the compound series-parallel connection 
used in practice? 

Battery cells for gas engine ignition work are connected 
in this way to give a strong current and a long life. This 
connection of battery cells is also advantageous in that a dead 
cell will not weaken the current from the group sufficiently to 
interfere with the operation of the engine. 
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88. How can electricity be generated by chemical 
action ? 

By inserting two conducting substances into a solution 
which dissolves one of them more than the other, a diflference 
of potential will be developed between their ends which are 
not immersed. If these exposed ends be connected, a current 
will flow from the one substance to the other, both through the 
solution and through the exposed connection. 

For example, insert the tongue between a copper cent and 
a silver dime, keeping the coins in contact at one end. A 
battery cell is thus formed in which copper is one of the ele- 
ments, silver the other, and the moisture on the tongue the 
solution. A metallic taste will be noticeable, which indicates 
that one of the conducting substances is being dissolved or 
acted upon, and if an electrical measuring instrument of 
sufficient delicacy be connected in the circuit thus formed, 
it will be found that a current of electricity is flowing. 

To illustrate the case in a more practical way, reference will 

be made to Fig. 6, in which a plate of zinc n and a plate of 

copper p have been immersed in a jar containing water, and 

sulphuric acid. The proportion of water to acid should be 

about 10 to 1. If these two plates be connected by a wire a, 

as in the illustration, the zinc will dissolve, forming zinc 

sulphate which will remain in the solution at the surface of 

the zinc plate, and hydrogen gas will appear in the form of 

bubbles on the surface of the copper plate. This chemical 

action will develop a current of electricity which will flow 

through the wire or external circuit from the copper to the 

zinc, and through the solution or internal circuit from the 

zinc to the copper. The current and the chemical action caus- 

32 
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ing it will continue as long as the acid and zinc last, and 
there remains a connection between the two plates. If the 
connecting wire a be broken, there will be no ehemieal action 
taking place between the copper and the zinc, but there will 
be a difference of potential of about 1.05 volts across them. 

89. In describing the chemical action or reaction of bat- 
tery cells, what symbols are commonly used? 

Pot water, H^O; sulphuric acid, H,SO,i hydrogen, H;! 
zinc, Zn ; copper, Cu ; for zinc sulphate, ZnSO, ; sal-ammoniac. 



Kg. 6. — Simple Form of Primary Cell. 

NH,C1 ; manganese dioxide, MnO^ ; zinc chloride, ZnClj ; 
amittonia, NH3 ; manganese oxide, MuaOg ; copper sulphate 
(blue vitriol), CuSO,; potassium bichromate, KjCr^O, ; chro- 
mium sulphate, Cr2(S0i)j; potassium sulphate, K^SO,; zinc 
oxide, ZnO ; manganese oxide, MnO ; potassium hydrate ( cauB- 
tie potash), KOH; copper oxide, CuO; potassium zincate, 
KjZnOjj lead oxide, PbO; for lead, Pb; for lead peroxide, 
PbOj ; for lead sulphate, PbSO,. 

90. How, therefore, may the chemical action taking 
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place in the simple cell illustrated in Fig. 6 be expressed 
by symbols? 

H2SO4 + Zn = ZnS04 + Hg. This, by interpretation, means 
the sulphuric acid combines with the zinc and forms zinc 
sulphate and hydrogen. 

91. What relation do the positive and negative elements 
of a cell bear to the positive and negative poles? 

Those substances which are more readily acted upon or dis- 
solved by the acid solution are called the positive elements, 
whereas those less acted upon are called negative elements. 
In the following list the more positive substances are given 
first, the list ending with those least positive, or, in other 
words, negative. Inasmuch as the greater the diflference in 
action of the solution upon the two elements of a cell, the 
greater the electromotive force developed, and other condi- 
tions being the same the greater the current, it is evident from 
the list that zinc and carbon are the two substances best 
adapted for battery construction, and this statement is borne 
out in practice, as will be seen later. 

+ 
Zinc 

Iron 

Tin 

Lead 

Copper 

Silver 

Platinum 

Carbon 

The positive pole of a battery cell is that terminal from 
which the current leaves the cell, and the negative pole is 
that terminal at which it returns to the cell. It is therefore 
obvious from Fig. 6 that the copper or negative element con- 
stitutes the positive pole, and that the zinc or positive element 
constitutes the negative pole. 

92. What effect has the size of a cell upon its output? 
The output in watts of a cell is directly proportional to 

its size, or, in other words, to the amount of material it con- 
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tains. The electromotive force in volts of a cell depends 
upon the kinds of material used for the positive and negative 
plates, and also upon the constituents of the solution em- 
ployed. In a given type of cell, however, the electromotive 
force is the same, irrespective of the size of the plates, the 
quantity of the solution or the shape or size of the jar. The 
current in amperes that can be obtained from a cell varies 
inversely as its internal resistance. Since the internal re- 
sistance of a cell may be decreased, other conditions remaining 
the same, by increasing the cross-section of the solution be- 
tween the elements, it follows that the output of a cell will 
be increased if more material is employed in its construction ; 
that is, the larger the size of a cell the greater will be its 
output. 

93. Does change of temperature have any effect upon 
the output of a cell? 

Yes, in certain types of cells an increase of temperature 
causes them to yield a slightly stronger current. This is due 
to the fact that some solutions decrease in resistance when 
heated. The electromotive forces of diflferent cells also un- 
dergo slight changes in value under variations of temperature. 
In certain types the electromotive forces increase, and in other 
types they decrease when subjected to a rise in temperature. 
In any case, however, the change in the output of a cell, due 
to change of temperature, is inappreciable. 

94. State the difference between a cell and a battery. 

The term ** cell " is singular, whereas the term ** battery '* 
is collective. A battery is, therefore, a number of cells con- 
nected together for the purpose of increasing the voltage or 
current, or of increasing both the voltage and current. 

When a voltage greater than is developed by one cell is 
required, it may be obtained from a battery of two or more 
cells connected in series as at A, Fig 7, that is, by connecting 
the carbon or -+- terminal of one cell to the zinc or — terminal 
of the next cell, and so on. The voltage developed across the 
free -|- ^^^ — terminals of the external circuit is then equal 
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to the sum of the electromotive forces of the individual cells. 
If each of the three cells at A gives 1 volt, the voltage of the 
battery is therefore 3 volts. With a series connection of cells, 
the battery resistance, however, is also the sum of the resist- 
ances of the connected cells ; that is, if each of the three cells 
at A has a resistance of 1 ohm, the resistance of the battery is 
3 ohms. Consequently, since both the electromotive force and 
the resistance are increased in the same proportion, the avail- 
able current output is the same as in a single cell, regard- 
less of the number of cells connected in series. A battery of 
series connected cells, therefore, gives only a greater elec- 
tromotive force, so that the current developed can be forced 
through an external circuit of greater resistance. Cells of 
diflferent voltages may be connected together in series and 
their electromotive forces added, without injurious eflfect. 

When a current greater than can be had from one cell is 
required, it may be obtained from a battery of two or more 
cells connected in parallel as at B, Fig. 7 ; that is, by connect- 
ing the carbon or + terminals of all the cells to one wire of 
the external circuit, and all the zinc or — terminals to the 
other. The available current output then equals the sum 
of the available current outputs of the individual cells, but 
the voltage across the circuit is only equal to that of one cell. 
The battery resistance is the resistance of one cell divided 
by the number of cells in parallel, provided the cells are of 
equal resistance. Cells which are connected in parallel must 
have the same electromotive force, else those which have a 
higher voltage will send a current in the reverse direction 
through the cells of lower voltage when the external circuit 
is open. This will soon reduce the strength of the cells hav- 
ing the higher electromotive force, and should serve as a warn- 
ing that it is useless to connect a new cell in parallel with 
others that are old and partly exhausted. A battery of 
parallel connected cells should be composed of cells all of 
the same make and in the same electrical condition. 

When a voltage and a current greater than developed by 
one cell are required, they may be obtained from a battery of 
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four or more cells connected in series-parallel as at C, Fig. 7 ; 
that is, by connecting in parallel across the external circuit 
several rows of cells, each row having the same number of cells 
in series. Unless each row of cells connected in this way de- 
velops the same voltage, the action will be the same as in the 
case of a parallel connection where one cell has a higher 
voltage than the others. 

95. How many classes of primary cells are there? 
Three. Single fluid cells, or those in which one solution is 

employed; double fluid cells, or those in which two solutions 
are employed; and dry cells, or those in which the solution 
is replaced by a plastic mass. 

96. In which of the three classes of primary cells re- 
ferred to in Answer 95 does the simple cell illustrated 
in Fig. 6 belong? 

It belongs to the class of single fluid cells, inasmuch as there 
is but one solution (dilute sulphuric acid) employed. 

QUALIFICATIONS FOR SERVICE 

97. Is the cell illustrated in Fig. 6 suitable for practical 
purposes? 

The positive element in this cell being an ordinary plate 
of zinc contains many impurities such as lead, iron, etc., which 
according to the list given in Answer 91 are negative with 
respect to the zinc, and therefore give rise to small electric 
currents between them and the zinc. These currents, although 
of diminutive strength, continue to flow irrespective of the 
action of the cell itself, and thus steadily consume the zinc 
both when the cell is on open circuit and when it is on closed 
circuit. This is called the local action of a cell, and it must 
be eliminated if the cell is to be adapted to practical purposes. 

Another disadvantage of the cell illustrated in Fig. 6 is that 
no means is provided therein to oxidize or otherwise get rid 
of the bubbles of hydrogen gas which accumulate upon the 



PRIMARY BATTERY CELLS 39 

surface of the negative element as already explained. These 
bubbles form a non-conducting film over the surface of the 
copper plate presented to the solution, when the cell is in 
action, and thus greatly increase the internal resistance of 
the cell, which in turn reduces the current. In addition to 
this, the hydrogen bubbles also weaken the current by gener- 
ating in the cell an opposing or counter electromotive force 
which tends to start a current in a direction opposite to that 
of the normal current flowing within the cell from the zinc 
to the copper. The result of the hydrogen gas effect, or 
polarization, as it is called, is to diminish the current very 
rapidly after the circuit through the cell has been closed. 
It is therefore important whenever a constant current is 
required, as is invariably the case in practical work, that 
means be taken to prevent polarization as far as possible. 

98. How may the local action of a battery cell be 
remedied? 

By amalgamating the positive or zinc element with mer- 
cury. This may be done either before or after the zinc has 
been cast into plates or rods for use, although it is more usu- 
ally done before the casting process. In this case about 4 per 
cent, of mercury is added to the molten ziiic just before turn- 
ing it into the molds. Battery zincs sold as such are amal- 
gamated in this way. If it be desired to amalgamate zinc 
after being cast in the desired form, it is first necessary to 
clean its surface by dipping it in acid. This will insure a 
good surface for the mercury, which should then be poured 
over it and rubbed in with a piece of cloth tied to a stick. The 
mercury combines with the zinc at the surface of the plate 
or rod, and forms a pasty amalgam. The lead, iron and other 
impurities then fioat to the surface of the mercury when the 
zinc is in use, and fall to the bottom of the containing vessel. 
During the action of the cell the zinc in the amalgam unites 
with the acid, and the film of mercury combining with fresh 
portions of the zinc always causes it to present a clean surface 
to the solution. 
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99. In what ways may the polarization of a battery cell 
be remedied? 

Polarization may be remedied either by mechanical means, 
by chemical means or by electro-chemical means. One of the 
mechanical methods for getting rid of the hydrogen bubbles on 
the negative element consists in brushing them off with some 
non-conductor, or dispersing them by stirring or otherwise 
agitating the solution so as to keep it in motion. Hydrogen 
gas, owing to its low specific gravity, has a tendency to rise 
through the solution, but this tendency is not sufficiently 
strong ordinarily to cause the bubbles to detach themselves 
from the negative element. To mechanically aid them in this 
respect, the surface of the negative element may be roughened 
or made to present numerous points to the solution so that the 
bubbles secure less purchase on the plate and are enabled 
thereby to detach themselves. 

The chemical method of preventing polarization consists 
in adding to the solution some oxidizing substance such as 
manganese dioxide, oxide of copper, peroxide of lead, sulphur, 
chlorine, bromine, red lead, nitrate of potash, bichromate of 
potash, nitric acid, chromic acid, bichromate of soda, or ferric 
chloride, which will combine chemically with the hydrogen gas 
and form a substance that will dissolve in the solution. In 
general, the best oxidizing substances or depolarizers are 
liquids, as they act more quickly than the others, but as a rule 
they will attack copper and so cannot be used in a cell where 
copper forms the negative element. Carbon, however, is not 
thus affected, and as it is also more electro-negative than 
copper, according to the list given in Answer 91, carbon is 
generally employed in place of copper for the negative ele- 
ment in cells where polarization is prevented by chemical 
means. When the oxidizing substance or depolarizer is in 
powdered form, it is generally packed around the carbon in 
a very porous earthenware cup. The cup keeps the depo- 
larizer in place, but is sufficiently porous to permit the battery 
solution to pass through it. 

The electro-chemical method of eliminating polarization is 
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in the use of double fluid cells. By thus employing two solu- 
tions, some metal, such as copper, can be liberated in place 
of the hydrogen, and polarization be thus entirely prevented. 

loo. What other defects are of common occurrence in 
the operation of primary battery cells? 

Internal short circuits caused by crystals or foreign mat- 
ter lodging between the elements within the jar ; abnormally 
high internal resistance resulting from the use of defective 
porous cups, poor connections at the terminals, or by the 
accumulation of crystals upon the positive element ; low elec- 
tromotive force resulting from the use of an exhausted 
solution. 

loi. How may the defects given in Answer loo be 
remedied? 

Internal short circuits may be remedied by emptying out 
the solution, thoroughly cleaning and soaking the elements 
and the jar, and using a fresh solution. In mixing the fresh 
solution, care must be taken that the water used contains no 
impurities. If there be a tendency for the salt crystals from 
the solution to creep over the edge of the jar and thus short- 
circuit the cell, it is advisable to dip the edge of the jar in 
melted paraffin to a depth of about an inch. This will eflfectu- 
ally prevent the creeping of the salt. 

Porous cups, after long usage, are liable to have the pores in 
their sides and bottom clogged up, and thus considerably in- 
crease the internal resistance of a battery cell. When thus 
affected they generally take on a brownish color, whereas when 
in perfect condition they are nearly white. Their pores may 
be cleared by placing the porous cup in boiling-hot water 
and allowing it to remain there for ten or fifteen minutes. 

Poor connections at the terminals are generally caused by 
dirt or corrosion ; this can best be removed by the use of fine 
sandpaper or by scraping with a knife the terminals and the 
conductors connecting with them. It may be, however, that 
the conductors are not tightly screwed to the terminals; in 
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which case, of course, the remedy consists in tightening 
them. 

If crystals accumulate on the positive element, it should be 
removed from the jar and scraped clean. The solution should 
also be diluted, as the defect here mentioned is an indication 
that the solution contains too much salt. 

An exhausted solution can generally be detected by a change 
in its appearance, as will later be described; this, therefore, 
serves as a warning that the solution must be either strength- 
ened or thrown away, according to the nature of its con- 
stituents. 

COMMERCIAL TYPES 

102. What are the commercial types of primary cells? 
The Leclanche, carbon cylinder, bichromate, Edison, grav- 
ity, and dry cell. 

103. Illustrate and describe the Leclanche cell. 

A common form of Leclanche cell is shown in Fig. 8. It 
consists of a glass jar d containing a solution of ammonium 
chloride, commonly called sal-ammoniac. In this solution is 
placed a porous cup a, which contains a carbon plate s packed 
with small pieces of carbon and granulated peroxide of man- 
ganese. The solution passes through the porous cup and 
moistens its contents, of which the manganese dioxide is the 
depolarizer and the crushed carbon is used to reduce the 
internal resistance so as to increase the current output. The 
top of the cup is sealed with bitumen, but two small openings 
at e are left in it to act as gas vents, and through which a 
few tablespoons of the solution may be poured when the cell 
is first set up, to hasten its action. The carbon s is the nega- 
tive element of the cell, and the zinc rod n immersed in the 
sal-ammoniac solution forms the positive element. About 6 
ounces of sal-ammoniac constitutes a charge; after this has 
been placed in the jar it should be filled with pure, soft water 
to the height shown in the illustration. 

During the action of the cell the zinc is dissolved, forming 
chloride of zinc, and hydrogen gas and ammonia gas are given 
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off. The hydrogen gas being released at the surface of the 
carbon plate is at once attacked by the manganese dioxide 
within the porous cup and is converted into water and oxide 
of manganese. The ammonia gas dissolves in the water until 
a saturated solution is formed, after which it evaporates. The 
chemical reaction is 
Zn + 2NH,C1 + 2MnO, = ZnCI^ + 2NHj + H^O + Mn,0,. 
For each ounce of zinc dissolved, 2 ounces of manganese 
dioxide and 2 ounces of sal-ammoniac must be consumed. 



Fig. 8.— Leolanche Cell. 

From the quantities of these materials contained in the ordi- 
nary size of Leclaneh^ cell, there is sufficient manganese diox- 
ide in the porous cup to last the life of four zinc rods, but 
only enough sal-ammoniac in the solution to last the life of one 
and one-half zinc rods. As it is customary to work the 
zinc rods to the very last stages, about 1/8 inch in diameter, 
the contents of the porous cup should last the life of about 
six zinc rods, and the sal-ammoniac should last the life of two 
zine rods. Each ounce of zinc in this cell produces about 23 
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ampere-hours, and as approximately 1 3/4 ounces are utilized 
from each zinc rod, one of these rods may be counted on to 
produce 40 ampere-hours. 

The Leclanche cell is of the single fluid type, and is used 
only in open circuit work such as for door bells, telephone 
bells and other signals of a similar nature. It will polarize 
if worked hard or short-circuited, but will recuperate very 
quickly. It will not run down when not in use, and will 
frequently do duty for over a year with only the addition of 
a small quantity of water to compensate for evaporation. The 
evaporation is less rapid if the cell be in a cool place. 

If the solution becomes too strong, crystals composed of the 
double salts of zinc and ammonium chloride will be deposited 
on the zinc rod, whereas if it becomes too weak, chloride of 
zinc will form on the zinc rod. In either case, the internal 
resistance of the cell will be increased and its efficiency 
lowered. Moreover, if more sal-ammoniac is used than will 
dissolve, the bottom portion of the solution will be denser than 
the top portion, and, besides, will contain some zinc chloride. 
This will set up local action due to the two densities of the 
liquid and will be indicated by the upper part of the zinc rod 
wasting away faster than the lower portion. Where the zinc 
corrodes or wastes away at the surface of the liquid only, it 
is probably due to oxidation and not to faulty solution. An 
old solution smells strongly of ammonia, and the stronger the 
odor the older the solution ; this, therefore, serves as a guide 
as to when the solution needs renewing. When the solution 
takes on a niilky appearance, it is also an indication that it is 
exhausted and must be renewed. The electromotive force of 
this cell is 1.48 volts, and its internal resistance is about 
4 ohms. 

104. Illustrate and describe the carbon cylinder cell. 

Fig. 9 shows this type of primary cell. The carbon is in 
the form of a cylinder as shown at c, and is molded in one 
piece with the cover so as to form a perfect seal for the cell 
and prevent evaporation of the solution or the climbing of 
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salts. The carbon is a solid mass, but the surface of the 
cylindrieal part is purposely roughened to facilitate the es- 
cape of the bubbles of hydrogen gas which collect on it during 
the action of the cell. Owing to the slight hold these bubbles 
ean secure on the carbon on account of its roughened sur- 
face and the fact that the hydrogen gas is so much lighter than 
the solution, there is a strong tendency for the bubbles to 
work themselves loose from the carbon and ^cape upward 



Fig. 9. — Carbon Cylinder Cell. 

through the solution. So effective is this action that no other 
means are provided for preventing polarization. 

The solution is the same as in the Leclanch^ cell described 
in Answer 103; that is, sal-ammoniac and water, about 6 
ounces of the former in the glass jar a filled two-thirds full 
of water. The solution has free access to both outer and inner 
surfaces of the carbon cylinder, and to the zinc rod z inside, 
through the lower part of the cylinder, which is entirely open 
and suspended above the bottom of the glass jar, and through 
the slot s cut in the side. The zinc is suspended by a porce- 
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lain insulator r through the center of the carbon cylinder, the 
insulator extending down only through the cover. The carbon 
lug I molded into the cover holds a binding post for wire con- 
nection with the carbon. 

During the action of the cell, the zinc is dissolved, forming 
chloride of zinc, and ammonia gas and hydrogen gas are given 
oflf. The ammonia gas dissolves in the water until a satu- 
rated solution is formed, after which it evaporates. The 
hydrogen gas is released at the roughened surface of the car- 
bon and, as previously explained, the bubbles quickly detach 
themselves and pass upward through the solution to be evapo- 
rated when they reach the surface. The- chemical reaction is 

Zn H- 2NH,C1 = ZnCl^ + 2NH3 + 2H. 

The carbon cylinder cell, like the Leclanche cell, is intended 
only for intermittent work such as for door bells, etc. It has 
the same electromotive force of 1.48 volts, but a somewhat 
lower internal resistance than 4 ohms, owing to the absence of 
a porous cup and the circular arrangement of the carbon 
around the zinc. The cell recovers quickly after hard work, 
and owing to its simple construction and no need of a de- 
polarizer it has largely replaced the Leclanche as a liquid cell 
for intermittent work. 

105. Illustrate and describe the bichromate cell. 

The bichromate cell is shown in Fig. 10. It consists of two 
plates of carbon n and s, the respective terminals of which 
are shown at c and e; in practice, these terminals are con- 
nected together and used as the positive pole of the cell. The 
terminal m of the zinc plate a forms the negative pole of the 
cell. The elements are immersed in a solution of bichromate 
of potash formed by dissolving 4 ounces of bichromate of 
potash in 1 quart of warm water, and slowly adding to this 
when cool 2 fluid ounces of sulphuric acid, which should be 
well stirred into the dissolved bichromate of potash, with a 

glass rod. 
During the action of the cell the following change takes 

place : 
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3Zn + 7H,S0, + K^Cr.O, ^ 3ZnS0, + Cr,(SOJg -f 
KjSO^ + 7HjO. 
The solution acts upon the zinc plate by ordinary chemical 
action even when producing no current. The zinc plate ia 
therefore attached to a rod v, which not only serves as a con- 
ductor, but enables the zinc to be drawn up out of the solu- 
tion when the cell is not in use. 



Fig. 10.— Bichromate Cell. 

The bichromate cell is of the single fluid type. It cannot be 
used steadily for more than a lew hours, since after that time 
it becomes polarized, but it is well adapted for experimental 
work and for operating small electric motors. The solution 
when first mixed is of a cherry-red color, but after a few hours 
of service it becomes dark brown, indicating exhaustion ; it is 
then useless and has to be thrown away and replaced by a 
fresh quantity. The electromotive force of this cell is from 
1.92 to 2 volts, and in consequence of a low internal resistance 
it yields a large current. 

io6. Illustrate and describe the Edison cell. 

The Edison cell, formerly known as the Edison-Lalande 
cell, is shown in Pig. 11. It consists of two amalgamated zine 
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plates a and c, and one copper oxide plate e suspended from 
the porcelain cover m into a porcelain jar containing a solu- 
tion of caustic potash. The zinc plates a and c together form 
the positive element and are connected to the negative ter- 
minal « by means of the conducting strips s and v. The cop- 
per oxide plate e is covered with a film of metallic copper so 
as to decrease the internal resistance of the cell when first 



Fig. 11. — Edison Primary Cell. 

started. This plate is slid from below into two channeled cop- 
per frame-sides, one of which is shown at d, and is secured 
therein by a copper bolt terminating in a nut i. Two hollow, 
hard-rubber insulators h and I surround the stems holding 
the copper oxide plate in position, for the purpose of pre- 
venting any internal short-circuits between these stems and 
the strips s and v, at the surface of the solution. 

The solution, which should fill the jar to within an inch of 
the top, is made by dissolving 2 pounds of granulated caustic 
potash in 8 pounds of water. A layer of heavy paraffin oil 
is poured on top of the solution to prevent any creeping of 
the salts and evaporation of the solution. When the oil is 
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not used, the life of the cell is reduced to about one-third what 
it otherwise would be. 

During the action of the cell, the zinc dissolves, forming 
potassium zincate (KzZnOz)* Hydrogen gas is given off and 
is carried by the current to the negative plate, where it unites 
with the copper oxide and forms water and metallic copper. 
The reaction may therefore be written: 

Zn + 2K0H + CuO = KaZnO^ + H^O + Cu. 

The Edison cell is of the single fluid type. It requires no 
attention or inspection until all the energy of its elements is 
exhausted. It is entirely free from noxious fumes or chemi- 
cal deposits, the liquid does not '* creep," there is no polari- 
zation and practically no local action, and the cell will not 
freeze at a temperature considerably below zero. 

It has an electromotive force of but 0.95 volt at the start, 
and this decreases to 0.7 volt on closed circuit. The internal 
resistance of this cell, however, is exceptionally low, being 
only 0.043 ohm. The current that may be obtained is there- 
fore high, and in the case just noted would be 0.7 ~ 0.043 ^ 
16.3 amperes on short circuit. The Edison cell is consequently 
well adapted to cases requiring strong battery current almost 
continuously, as, for example, in gas engines, railroad crossing 
signals, fan motors, dental motors, phonographs, turntable 
motors, large annunciators, and in electroplating and slot 
machines. 

To set up this cell, fill the jar with pure, soft water to the 
brown line that is on the inside of the jar. Add the granu- 
lated potash from the can furnished with the battery, quite 
gradually to avoid producing too much heat, and stir the 
solution continuously until the potash is entirely dissolved. 
Care should be exercised to avoid splashing or spilling of 
the liquid, as the caustic potash solution will burn either the 
skin or the clothes. Allow the solution to cool and add enough 
water to bring the solution up again to the brown line. Put 
the elements in place and note whether the copper oxide plate 
€ is one inch below the surface of the solution. . It is very 
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essential that the liquid be one inch above the top of the oxide 
plate. If it is, then raise the cover only just enough to permit 
of the paraffin oil, furnished with the battery, being poured 
into the cell until it just covers the blue line. If the cover 
is raised too high, the paraffin will get on the battery plates. 
Vegetable or animal oils should never be used instead of 
paraffin, as they will be attacked by the solution. 

When the cell becomes exhausted, proceed as follows: Lift 
the cover off carefully to avoid contact with the solution, 
and thoroughly wash all the parts before handling. Remove 
both the zinc and the oxide plates from the porcelain cover 
and throw the plates away. Carefully pour out the solution 
and wash the jar. Wash the copper frame d and clean out 
the inside of the groove, as the frame is to be used again. 
Replace the discarded plates with new ones and set up the 
cell exactly as in the case of a new cell. 

107. Illustrate and describe the gravity cell. 

The gravity cell is illustrated in Pig. 12. This cell be- 
longs in the double fluid class, and the name of the cell results 
from the fact that the two solutions used are separated by 
gravity. The negative element is copper in the form of cop- 
per plates 6 riveted together as shown, connection there- 
with being made by means of a gutta-percha insulated wire 
c fastened to them at a. The positive element is zinc, as shown 
at v; this is suspended from the metallic hangers resting 
across the top of the jar 0. In this case the hanger forms the 
negative terminal of the battery, and to it the wire e is 
fastened. 

The solutions are formed by first placing in the bottom of 
the jar about 3 pounds of copper sulphate crystals, or blue 
vitriol, as it is often called. Sufficient water is then poured 
in the jar to cover the zinc v, and a tablespoonful of sulphuric 
acid is added. Within a short time a bright blue, saturated 
solution of copper sulphate forms about the copper plates, 
and after the cell is in use a water-colored solution of zinc 
sulphate is formed about the zinc. 
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The zine sulphate solution, being lighter than the copper 
sulphate solution, floats upon the latter, maintaining at all 
times a distinct dividing line between them, as shown at z. 
This line is commonly known as the blue line, and its posi- 
tion serves as a guide in the proper maintenance of the cell. 
The blue line should be kept midway between the copper and 



Fig. 12— Gravity Cell. 

the zinc; if it becomes low in the jar a portion of the zinc 
sulphate should be dipped out and replaced with clear water ; 
whereas if it becomes too high, a portion of the copper sulphate 
must be siphoned out and water added. A brownish color 
in any part of the liquid indicates exhaustion of the solution. 

During the action of the cell the copper sulphate unites with 
the zinc, forming zinc sulphate and metallic copper. The 
reaction may therefore be written: 

CuSO, + Zn - ZnSO, + Cu. 

The gravity cell has an electromotive force of 1.1 volts and 
an internal resistance of from 2 to 3 ohms. It can therefore 
be counted upon to give currents of only small strength, but 
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it does not polarize, and works best on closed circuit. It is 
used mostly for telegraph and telephoue purposes. 

io8. Illustrate and describe the dry cell. 

A dry cell was previously shown in Fig. 1, but reference 
will here be made to Pig. 13, which shows a cell broken 
open at the bottom to aSord an idea of its construction. 



Fig. 13.— Diy Cell. 

This cell consists of a zinc tube or cylinder c 2.5 inches in 
diameter and 6 inches deep, which constitutes the containing 
vessel and also serves as the positive element of the cell. 
The binding post a soldered to the zinc c forms the negative 
terminal of the cell. Closely fitting inside the zinc cylinder 
is a porous paper cylinder which holds the negative element 
or carbon plate d surrounded by a mixture of manganese 
dioxide, etc. Connection with the negative element is made 
at the positive terminal mounted on the carbon. 

The zinc cylinder is rolled from zinc 0.02 inch thick; the 
paper cylinder may consist of three layers of thin blotting 
paper or a single layer of heavy pulp-board ; the mixture 
surrounding the carbon plate consists of pyrolusite (85 per 
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cent, manganese dioxide), 100 parts by weight; ground coke, 
80 parts ; artificial graphite, 20 parts ; sal-ammoniac, 20 parts, 
and zinc chloride, 7 parts. The top of the cell thus formed is 
sealed with bitumen, shown black in the illustration, to hold 
in the contents and prevent evaporation as much as possible. 

The manganese dioxide acts as the depolarizer ; the ground 
carbon which is next to the paper cylinder collects the cur- 
rent at the periphery of the mixture and conducts it by means 
of the other carbon particles to the center carbon plate; the 
graphite is employed to reduce the internal resistance; the 
sal-ammoniac is the electrolyte or exciting substance, while the 
zinc chloride is used only to improve the life of the cell by 
reducing local action. 

During the action of the cell the chemicals are decomposed, 
the reaction being as follows : 

Zn + MnOa = ZnO + MnO. 

This cell is comparatively free from the effects of polariza- 
tion, but its useful life is generally much shorter than that of 
a similar form of liquid cell, such, for example, as the 
Leclanche cell previously illustrated and described. 

The idea that a dry cell can be recharged after it has 
outlived its usefulness, by passing a current through it, is 
erroneous, as the current has no such effect upon the chemicals 
composing the cell. Sometimes an exhausted cell can be made 
to work again by drilling a small hole through the sealing at 
the top and pouring in a little water or sal-ammoniac solution. 

The electromotive force of the dry cell is 1.4 volts, its in- 
ternal resistance is about 0,3 ohm and during its life it gives 
a practically constant electromotive force. The dry cell is 
intended for open circuit work only, and is commonly used 
for electric bells, telephones, etc.; it is very convenient for 
portable use and in the hands of unskilled persons, since its 
contents cannot be spilled, as in the case of liquid cells, and 
there is no creeping of salts or any of the other internal 
troubles associated with the use of other types of primary cells. 
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109. What difference is there between a storage battery 
cell and a primary battery cell? 

In a primary battery cell electricity is generated, as has 
already been shown, by the solution acting upon one of the 
elements to a greater extent than upon the other. In a storage 
battery cell, the solution is decomposed by the passage of a 
current of electricity through it, and after the source of this 
current has been removed the cell may be made to return 
this current or a portion of it whenever desired. In a pri- 
mary cell, electricity is generated, but one of the elements and 
the solution are used up during the process and have to be 
renewed from time to time. In the storage cell, electricity is 
not generated, but is simply stored as it were, to be used 
again at some future period; the elements and solution are 
not used up as in the case of a primary cell, but may be used 
over and over again. 

no. Are storage battery cells known by any other 
name? 

Yes, they are sometimes called secondary cells to distin- 
guish them from primary cells. 

The term '* storage battery." however, is generally used in 
preference to '* secondary cells " for the reason that the 
former is more significant of the action taking place. In 
reality, however, a storage battery does not store electricity, 
but simply energy, by converting the active energy of a 
current of electricity into chemical energy and at some future 
time, as determined by the operator, converting the chemical 
energy back into the active energy of an electric current. 

There are certain losses occurring in the transformation 

process, among which is that due to the internal resistance of 

54 
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the battery. These losses reduce the output of a storage 
battery cell from its input to the extent of about 20 per cent., 
making the maximum, efficiency of this type of battery cell 
around 80 per cent. 

111. Does the construction of a secondary or storage 
battery cell differ from that of a primary cell? 

There are many types of primary cells, as, for example, the 
gravity cell, which when exhausted may be regenerated by 
sending a current from some external source through it in a 
direction opposite to that of the current which it generates. 
By so doing the zinc sulphate and the metallic copper are 
changed respectively into metallic zinc and copper sulphate. 
This reaction is the reverse of that previously given for the 
gravity cell, and theoretically would enable this cell to fulfill 
the functions of a storage battery cell, but in practice the 
sulphate solution and the copper salt together reach the 
negative plate and are deposited there, creating local action. 
It is thus seen that, whereas a primary cell may to a certain 
extent meet the conditions of a storage cell, it cannot be made 
to answer as such for practical purposes ; it is therefore cus- 
tomary to consider as storage batteries only those cells which 
have been specially constructed to serve in that capacity. 

112. Describe the general principles upon which the 
construction and operation of a storage battery cell are 
based. 

A storage battery cell consists essentially of two sets of 
metal or metallic oxide plates immersed in a solution which 
will not act upon them until a current of electricity is passed 
through the cell from one set of plates to the other. In the 
ordinary type of cell the plates are of lead and the solution 
is sulphuric acid diluted with water to a specific gravity of 
about 1.200. The passage of the charging current through 
the solution decomposes it, sending one of its constituents to 
one set of plates and the other constituent to the other set of 
plates. When the charging current is discontinued, there are 
therefore two chemical elements in the plates which have a 
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tendency to unite, and when allowed to do so the energy de- 
veloped asserts itself in the form of an electric current. This 
current flows in a direction opposite to that of the current 
t^ed in charging thecell, and if permitted will continue to 
flow iu this manner until the plates have attained their former 
state. 

113. How are the principles given in Answer 112 ap- 
plied in practice? 

In modem types of lead storage battery cells the surface of 
the positive set of plates is coated with lead oxide or litharge 



(PbO), lead peroxide (PbO,), minium or red lead (PbjO,), 
lead sulphate (PbSO,), or a mixture containing these sub- 
stances, so that the charging current will convert it into lead 
peroxide. The negative set of plates is of pure lead, the sur- 
face of which is spongy or porons in its formation. A set of 
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four negative plates is shown in Fig. 14, at the left. The 
method of applying the substances mentioned to the positive 
plates consists either in forming a paste of whichever sub- 
stance is selected, by the addition of water or sulphuric acid, 
or else using the substance in the form of a powder and forc- 
ing it into the lead plates by means of hydraulic pressure. 
For enabling the plates to receive and retain the substance 
used, they are sometimes roughened at the surface, but more 
usually are cast into grids having round, square or rectangu- 
lar openings into which the material is pressed. When the 
plates are made in this way, they have an appearance, when 
finished, similar to the set shown at the right of Fig. 14. The 
material pressed into the grids and the spongy lead are practi- 
cally the only active portions of the plates, the plates them- 
selves serving principally as a support for these substances. 

The positive plates in a storage cell, of which there is 
always one less than the number of negative plates, for the 
reason that will be given later, are all connected together, 
and the negative plates are also connected together; their 
relative positions in the cell, however, are such that the posi- 
tive and negative plates alternate with each other, but they 
are prevented from coming together by sheets of insulating 
material. 

The storage battery jar holding the plates and solution is 
made of non-conducting, acid-proof material. For portable 
use, lightness of weight is an important requisite, whereas 
for station work it does not matter how heavy the jars are. 
In the former case the jars are made of glass, of hard wood 
lined with lead, or of hard rubber, hard rubber being espe- 
cially adapted to the purpose ; in the latter case the jars are 
made of heavy glass, or of heavy planks, jointed, and lined 
with sheet lead. 

114. Which is the positive and which is the negative 
element of a storage cell? 

In a primary. cell it will be remembered that the element 
toward which the current in the external circuit flows is called 
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positive, and that from which the current flows is called nega- 
tive. In like manner the element or set of plates in a storage 
cell toward which the current flows during discharge is called 
positive, and the other element or set of plates is called nega- 
tive. Since in the charging process current is forced through 
the cell in the opposite direction to that of the discharging 
current, it might be supposed the terms as just applied would 
then be incorrect, but inasmuch as the set of plates upon which 
a coating of peroxide of lead is formed always remains at a 
higher potential than the other set composed of spongy lead 
even when current is forced through the cell, as just ex- 
plained, the notation given is warranted. The peroxide of 
lead plates therefore form the positive element, and the spongy 
lead plates form the negative element of a storage cell. 

Inasmuch as the plates of the positive element are the ones 
acted upon during the discharge of the cell, in the same 
respect as the positive zinc element in a primary cell is acted 
upon, it is customary to use for the negative element in each 
cell one more negative plate than there are positive plates. 

115. What chemical reaction takes place during the 
charging process? 

In practice, both the positive and negative plates contain 
lead sulphate formed on them by the preceding discharge. 
The action of the charging current in its passage through the 
cell from the negative plates to the positive plates, breaks up 
the sulphate of lead into sulphuric acid and also transfers 
the oxygen from the negative to the positive plates. When 
the charging process is completed, the positive plates contain 
no oxide lower than the peroxide, and the negative plates 
contain no oxide whatever. Owing to the formation of 
sulphuric acid, the specific gravity of the solution has been 
increased during the charging process. 

When red lead salt constitutes the active material, the 
chemical reaction that takes place at the positive plates during 
the charging process is 

SgPbaOio + O2 + 2H2O = 3Pb02 + 2H2SO4. 
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That is to say, the red lead salt (SsPbaOio), the oxygen (Oj) 
and the water (H^O) are converted by the charging current 
into lead peroxide {PbOj) and sulphuric acid {H,SO,). 

The chemical reaction that takes place at the negative plates 
during the charging process is 
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COMMERCIAL TYPES 

117. Illustrate and describe a storage cell in which the 
lead type of plates shown in Fig. 14 is used. 

The storage cell shown in Fig. 15, and manufactured by The 
Electric Storage Battery Company, contains this type of 
plates. In the form here shown it consists of four negative 
plates, a, etc., each of which terminates in a leaden lug c. 
These four lugs are soldered to a lead plate strap m, the upper 



Pig. 15. — Storge Cell made by The Electric Storage Battery Company. 

part of wMch forms the negative terminal of the cell. Alter- 
nating with the four negative plates are the three positive 
plates e, etc., inserted between them. The positive plates 
also terminate in lugs which are soldered to a lead strap n, 
the upper part of which forms the positive terminal of the 
cell. The negative plates are of pure lead and have a gray 
color, whereas the positive plates are brown and have their 
active material in the form of round buttons which, jrhen the 
cell is charged, consist of peroxide of lead. 
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A thin wood sheet v, with two slotted dowels o and u, is 
placed between each positive and negative plate to prevent 
internal short circuits. These wooden sheets are called sepa- 
rators. The elements thus assembled are placed in a glass 
jar 5 containing a solution of sulphuric acid and pure water, 
in such proportions that the mixture shows a specific gravity 
of 1.210 when the cell is fully charged. The solution should 
fill the jar to a point 3/4 inch above the tops of the plates. 

A glass weight b prevents the wood separators from float- 
ing in the solution, and a glass sheet d is placed on top of 
the jar to keep out impurities and reduce evaporation. The 
electromotive force of this cell is slightly above 2 volts on 
open circuit, and during discharge it varies from that point 
at the beginning to 1.75 volts at the end of 8 hours. 

1 1 8. Illustrate and describe some other make of lead 
plate storage cell. 

The Gould storage cell shown in Fig. 16 is another example 
of the lead type. In the construction of this cell the positive 
plates p, etc., through their lugs v, etc., are connected with 
the cross bar r to the positive strap a, and the negative plates 
n, etc., are connected through the cross bar s to the negative 
strap c. 

Between each positive and negative plate is a perforated 
hard rubber sheet b and a wooden separator i. The rubber 
sheet is placed next to the positive plate and the wooden 
separator next to the negative plate. One side of the sepa- 
rator is grooved and the other side is flat ; the former is placed 
against the rubber sheet, and the latter against the negative 
plate. 

The plates, sheets and separators rest upon two bridges, one 
of which is shown at I, and are held down by a bar m on each 
side. The form of cell shown is used in electric vehicles and 
has a hard rubber jar h, and a hard rubber cover d provided 
with a vent e for the escape of gases formed during the 
charge. 

The jar has been broken away, as shown, to render the 
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plates, sheets and separators visible ; these latter parts of the 
cell have also been broken away in the illustration for a simi- 
lar purpose. The electromotive force of this cell on open 
circuit with solution above the plates is 2.1 volts. 



Fig. 16. — Storage Cell made by the Gould Storage Battery Company. 

119. Is there any other commercial storage cell besides 
the lead type previously described? 

Yes, there is the nickel-iron tj'pe made by the Edison Stor- 
age Battery Compajiy. 

120. Illustrate and describe the Edison storage cell of 
the nickel-iron t3rpe. 

This cell is shown in Fig. 17, the steel can or jar and the 
plates being broken away to show the construction. The flat 
plate n to the left is the negative element. This is made up 
of a nickel-plated steel grid, into the openings of which are. 
placed and hydraulically pressed perforated and corrugated 
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steel pockets, c. These pockets are previously filled and 
packed with iron oxide, to which a small percentage of metallic 
mercury has been added to increase the electrical conductivity. 
The plate p to the right is the positive element. It consists 
of a nickeled steel grid, onto which are secured perforated 
steel tubes t reinforced by equally spaced steel seamless rings. 



Fig. 17. — Storage Ce!! made by the Edison Storage Battery Companj. 

These tubes are filled with alternate layers of nickel hydrate 
and very thin flake nickel. The nickel hydrate comprises the 
active material, while the metallic nickel acts as a conductor 
between the active material and the containing tube. There 
are 350 layers of each kind in the tube. 

The proper number of positive plates, depending upon the 
desired capacity of the cell, are mounted on the horizontal 
rod a and spaced by nickeled steel washers, the whole being 
clamped to the pole m by the end nuts on the horizontal rod. 
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The negative plates are similarly mounted and clamped to the 
pole d, there being always one more negative than positive 
plate. 

The two groups are then assembled, the adjacent positive 
and negative plates being mechanically separated by vertical, 
hard rubber rods. The edges of the plates fit into grooves of 
a hard rubber insulator o at the sides. The entire mass is 
then placed into the corrugated steel can or jar 6, resting on 
the hard rubber supports shown at i in the broken away lower 
comer of the cell. 

The bottom of the steel jar is welded in, and after the ele- 
ments are placed inside, the cover v is also welded on, thus 
producing, with the stufiSng boxes s, around the poles, a com- 
pact, strong, hermetically sealed vessel. The electrolyte is 
a solution of potassium hydrate and lithium hydrate. The 
filling cap, shown at e on the top of the jar, when opened, 
admits of the addition of distilled water to the cell from 
time to time or for removal of the solution at the end of ten 
or twelve months of use, depending upon the work to which 
the battery has been subjected. This filling cap also acts as 
a check valve to permit the gas given off by the cell to get 
out, but preventing external air or foreign substances from 
getting into the cell. 

The voltage per cell at the normal rate of discharge is 1.2, 
and the efficiency ranges from 60 to 65 per cent. 

121. What chemical reactions take place during the 
charging and discharging of the nickel-iron storage cell? 

Starting with oxide of iron in the negative, green nickel 
hydrate in the positive, and potassium hydrate in solution, 
the first charging of a cell reduces the iron oxide to metallic 
iron and converts the nickel hydrate into a very high oxide 
black in color. On discharge, the metallic iron goes back 
to iron oxide and the high nickel oxide goes to a lower oxide, 
but not to its original form of green hydrate. On' every cycle 
thereafter, the negative charges to metallic iron and discharges 
to iron oxide, while the positive charges to a high nickel oxide. 
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Current passing in direction of charge or discharge, decom- 
poses the potassium hydrate of the solution, but an amount 
equal to that decomposed is always reformed at one set of 
plates by a secondary chemical reaction, so there is none of 
it lost and the density of the solution remains constant. 

The eventual result of charging, therefore, is the transfer- 
ence of oxygen from the iron to the nickel plates, and that of 
discharging is a transference back again. 

PRACTICAL APPLICATIONS 

122. For what purposes are storage cells employed? 

Storage cells are used to a great extent in place of pri- 
mary cells for operating telephone, telegraph, fire-alarm and 
police systems; also for phonographs, electric clocks, medical 
coils, railway signal apparatus, electric fans and for labora- 
tory purposes. They are largely used for supplying current 
to operate automobiles, and also as a source of power in 
launches designed for lake and river use. 

Street cars and electric locomotives are being operated by 
current from storage batteries carried thereon, with varying 
degrees of success, and in train lighting, yacht lighting and 
carriage lighting they have been applied to some extent. Elec- 
tric elevators, dental motors, automatic pianos, heat regu- 
lators and X-ray apparatus obtain the necessary current in 
many cases from storage cells, and they have also been em- 
ployed for electric welding, electroplating and electrotyping. 

For country residences and other buildings situated at a 
distance from a central station generating electricity, storage 
cells in connection with a dynamo run by a gas or oil engine, 
or by small water power, afford a means of independently 
and conveniently storing up electricity for lighting or power 
purposes by simply running the dynamo once or twice a week 
to keep the battery charged. 

In electric plants of large office buildings, storage cells find 
an immense field of application, for in the majority of these 
the engines and dynamos may be shut down at night and 
the storage battery made to supply the necessary current for 



66 ELECTRICAL CATECHISM 

lighting and elevator purposes. During certain parts of the 
day when the load on the machines is light, the battery can 
be charged, and at other times of the day when the load 
becomes extra heavy the battery can be called into service 
and thus made to help out the generators during the critical 
periods. 

For central station work, storage cells are largely employed 
in much the same way as in the case of large office buildings 
just mentioned. Among the advantages arising from their 
use when thus employed may be mentioned the reduction in 
coal consumption and the lower operating expense resulting 
from the shutting down of the machinery during periods of 
light loads ; also, the feasibility of running the machinery at 
full load, and therefore at its highest efficiency, while in serv- 
ice. When storage cells are used in central stations for help- 
ing out the generators during short periods of extra heavy 
load, these cells serve in place of additional generators that 
would otherwise be necessary, and a considerable saving in 
the generating equipment is thereby effected. By the aid of 
storage cells a better regulation of voltage during variations 
in load, such as those caused by street cars or elevators, is 
obtainable, than would be the case if the cells were not 
installed. 

123. Show by means of a diagram how a storage bat- 
tery helps the generators in a central station. 

The diagram which best illustrates this case is a curve which 
shows the current delivered throughout twenty-four hours by 
the respective generators and storage cells in a direct-current 
lighting station. Such a curve is shown in Fig. 18 and is 
called a load curve. 

Each division on the horizontal line represents one hour, 
and according to the numbers thereon the curve covers twenty- 
four hours, from 12 a.m. of one night to 12 a.m. of the fol- 
lowing night. Each division on the vertical line represents 
50 amperes, the limiting values being amperes and 2,100 
amperes. At any given time, therefore, the length of a line 
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from the corresponding point on the horizontal base line to 
the curve, as measured on the vertical line of amperes, repre- 
sents the number of amperes generated. The shaded spaces 
denote the number of ampere-hours of work done by the gen- 
erators in charging the battery and the number of ampere- 
hours of work done by the battery in helping out the gen- 
erators; the former quantities are represented in Fig. 18 



Fig. 18. — Load Curve of Central Station equipped with Storage Cells 
and Generator. 

by single cross-hatching, and the latter quantities are repre- 
sented by double cross-hatehing. 

It is thus seen that at 12 a,m. of the first night the gener- 
ators were carrying a load of about 300 amperes; that this 
load gradually decreased as the night wore on until at 2 a.m. 
it was only 125 amperes. It was deemed advisable then to 
shut down the generators and allow the battery to carry the 
load until 5 a.m. ; during this time whatever cleaning or ^- 
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pairing of the generators or engines that was needed was 
done. As the load began to increase at 5 a.m., the generators 
were again started and carried the load until 8 a.m., when in 
addition to the current they were supplying to the line, some- 
what over 100 amperes were switched into the battery for 
charging it. The charging process was continued until 2 p.m., 
at which time it was found that the battery was fully charged. 
As shown by the curve, the load was then increasing quite 
rapidly, arid it continued to do so until shortly after 4 p.m., 
when the battery was again called into service and made 
to carry that portion of the load above 1,300 amperes. The 
ma'ximum load of 2,050 amperes occurred at 5.15 p.m., at 
which time the battery was helping the generators to the 
extent of 750 amperes. The peak of the load, or that number 
of ampere-hours represented by the double cross-hatching at 
this part, was supplied by the battery. At 6.30 p.m., however, 
the load had dropped sufficiently for the generators to easily 
carry it, and as it continued to decrease, the extra current 
from the generators was used in recharging the battery. The 
load continued to diminish and the charging process was 
mai4tained during the remainder of the twenty-four hours. 

124. What is the actual saving effected by the storage 
battery in the station just described? 

Consider, first, what the generators would have had to do if 
no storage battery was employed. At 110 volts pressure, the 
generators would have had to develop 110 X 2,050 = 225.5 
kilowatts, whereas with the battery they need only develop 
110 X 1,300 = 143 kilowatts. Aside from the great reduc- 
tion effected in generator capacity, and consequently in the 
first cost of the plant, the battery also provides sufficient time 
for the necessary cleaning and repairing of the moving ma- 
chinery without interrupting the service. 

125. Show by means of a diagram the regulating effect 
of a storage battery in an electrical station. 

Referring to the diagram of Fig. 19, in which are plotted 
three curves, the divisions on the horizontal base line denote 
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periods of time for all three curves, each division representing 
10 seconds. The divisions on the vertical line at the left 
represent the number of amperes for each of the three curves. 
The middle curve shows the periodic variations of the load on 
the station, supplied by a generator and storage battery. 

The variations in the load are both rapid and sudden, the 
current jumping at times from 100 amperes to over 500 
amperes in 5 seconds or less. If fluctuations of this nature 
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Fig. 19. — Curve showing the Regulating Effect of a Storage Battery. 



had to be provided for by the generator alone, it would not 
only be very injurious to its windings, but would render al- 
most impossible the proper regulation of its voltage. In a 
storage battery, however, this fluctuation of the current pro- 
duces no injurious effect if its capacity be properly chosen. 

In Fig. 19 the top curve represents the variations of cur- 
rent from the battery, and it is obvious that it follows very 
closely the various changes in the load. Thus when consid- 
erable current is wanted on the line, the battery curve is 
seen to rise, and when less than the normal amount is required, 
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the battery received the surplus from the generator for charg- 
ing purposes. 

The variation of current from the generator is shown by 
the bottom curve in Fig. 19. This curve, when compared with 
the other two, is seen to be much more regular, the average 
current being somewhat less than 200 amperes. When it is 
remembered that without the service of the battery the gen- 
erator would be required to meet to the fullest extent every 
fluctuation represented by the middle curve in the diagram, it 
is seen what an important regulating effect a storage battery 
has upon the equipment of an electrical station. 

126. Is the nickel-iron storage cell specially adapted for 
central station work? 

No. The field of usefulness of this cell, owing to its light 
weight, compactness and strong construction, is in electric vehi- 
cles of all descriptions and for ignition and small lighting out- 
fits. For central station work, the lead type of storage cell is 
preferable on account of its lower initial cost. 

UNPACKING AND ASSEMBLING 

127. What precautions should be observed in unpacking 
a new lead t3^e storage cell? 

Care must be taken in handling the various parts, because 
some of them are very liable to be broken or bent out of shape. 
Upon removing the wrappers, each part should be examined 
for breakage and then checked up with the list of contents 
to see that the full shipment has been received and unpacked. 

The jar or tank should be washed clean and placed in posi- 
tion, after which the plates should be prepared for use. This 
consists in removing from them all dust and foreign matter 
that may have formed part of the packing. Such matter 
under ordinary conditions may be of sufficient resistance to 
do no harm, but it becomes more or less carbonized under 
the action of the acid, and is then a fairly good conductor 
capable of doing considerable damage if it accumulates be* 
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tween the plates. The easiest and most effective way of re- 
moving this matter from the plates is to use an air-hellows. 

The positive and negative plates must then be assembled, 
together with their separators, within the jar, and the solu- 
tion or electrolyte introduced. The charging process should 
be commenced immediately afterward, as the plates and aepa- 
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130. Are there any special precautions to be observed in 
connecting the cells together? 

Before making connections with the lugs, they must be well 
scraped at the points of contact, so as to obtain good con- 
ductivity and low resistance between them. It is advisable to 
scrape the logs before the elements are placed in the jars, 



Fig. 20. — Placing the Elementa in the Jar. 

else the scrapings are apt to fall into the cells and cause 
trouble. 

It is also well to bear in mind that when two dissimilar 
metals are joined together and become covered with a film of 
acid, local currents are liable to be developed between the 
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metals, which tend to impair their connection. For this rea- 
son it is preferable to avoid the junction of two different kinds 
of metals, but in case it is found necessary, the destructive 
action may be largely prevented by coating the metals thus 
connected with paraffin wax or with a sulphuric-acid-proof 
paint. 

131. What are the ingredients of a sulphuric-acid-proof 
paint? 

An excellent paint for this purpose may be made with wood 
naphtha colored with vermilion or lamp-black, and shellac. 
Of the two colored paints thus obtained, the red should be 
applied to all positive connections and the black to all negative 
connections, this being the usual rule, which, if followed, will 
be found to lessen the liability to mistakes in making 
connections. 

132. How should the battery solution in a lead plate 
cell be prepared and tested? 

Both the sulphuric acid and the water used to dilute it 
should be free from impurities. Special care should be taken 
that no metallic objects such as tools, bits of wire, etc., be 
allowed to remain in the solution. 

In mixing, use one part by volume of acid with five parts 
by volume of water. Pour the acid slowly into the water; 
never pour the water into the acid as there will be excessive 
heating. Maintain the specific gravity of the solution at the 
density specified by the manufacturer, either by the addition 
of water or acid; aaid never let its temperature exceed 110 
degrees Fahrenheit, preferably keeping it below 100 de- 
grees. 

133. How is the specific gravity of the solution meas- 
ured? 

By means of a hydrometer, Fig. 21, that consists of a grad- 
uated glass tube a of uniform diameter, a bulb 6 which is an 
enlargement of the tube, containing air, and in the bottom 
shot s which causes the stem to float in a vertical position. 
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The graduations on the stem range from 1.150 to 1.250, and 
whatever reading is obtained at the surface of the liquid in- 
dicates the specific gravity or density of the solution. 

134. How is the temperature of the solution measured? 

By means of a Fahrenheit thermometer, graduated from 

20 degrees to 130 degrees. The thermometer consists of a 
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Fig. 21. — Hydrometer for Measuring the Specific Gravity of the Bat- 
tery Solution. 



graduated glass tube of small diameter, called the stem. This 
terminates in a bulb at the bottom, in which is mercury that 
expands with rise in temperature more rapidly than the glass 
and indicates by its height in the stem the temperature to 
which the bulb is subjected. 
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THE CHARGING PROCESS 

135. Illustrate and describe the pr<q)er arrangement i<x 
charging a storage battery. 

Coimeetions are made as shown in Pig. 22, b representing 
the storage battery with its usual connections, d the charging 
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If, then, this voltmeter be connected across the terminals 
of the charging generator so that the pointer is deflected over 
the scale of the meter, the terminal connected to the positive 
binding post of the meter will be positive and the other ter- 
minal will be negative. The voltmeter used in this test should 
have a capacity slightly in excess of the rated voltage of 
either generator or battery. 

Another method of determining the polarity of a gener- 
ator or battery consists in connecting the terminals of eith^r 
to two pieces of lead or other metal immersed in acidulated 
water. The passage of the current will cause bubbles of gas 
to form at both pieces, but the greater quantity of bubbles 
will appear at the piece connected to the negative terminal 
of the battery or generator. 

137. What relation should exist between the voltage of 
the charging generator and that of the battery? 

The rated voltage of the generator should be at least 50 
per cent, above the normal voltage of the battery. In calcu- 
lating the normal voltage of the battery, two volts may be 
allowed for each cell. The generator should be of the direct- 
current type. 

If the voltage of the charging generator is sifch thjt there 
is any doubt of its being less than that of the battery when 
fully charged, an automatic switch should be introduced in 
circuit between them. This switch will protect the direct- 
current generator from running as a motor and possibly harm- 
ing itself, by opening automatically in case the voltage of the 
battery becomes sufficiently high to send a reversed current 
through the machine. 

In central station practice where the charging generator 
must supply current at constant voltage to the lines, simulta- 
neously with the charging of the battery, arrangements must 
be made for obtaining two different voltages. If the voltage 
required on the line is large in comparison with that needed 
for the battery, the generator voltage may be regulated to 
that necessary for the line and an adjustable resistance in- 
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serted in the battery circuit for reducing the charging voltage. 
If, however, the voltage required by the battery is large in 
comparison with that needed on the line, an auxiliary gen- 
erator called a ** booster,'* driven either by the same power 
that drives the main generator or by an electric motor, may be 
used to provide the additional voltage necessary for charging 
the battery. 

138. When should the charging process be commenced? 
On new cells the charging process should not be commenced 

until the solution has had sufficient time to soak well into 
the separators employed ; this requires from twelve to fifteen 
hours. In order to commence the charging process immedi- 
ately after the plates have been unpacked, as previously di- 
rected in Answer 127, the separators should be soaked in the 
battery solution this length of time in advance. 

139. How should the charging voltage be adjusted with 
respect to the battery voltage? 

At the beginning of the charge, the voltage of the charging 
current should be adjusted from 2 to 5 per cent, higher than 
that of the battery cells; in other words, it should be such 
as to send through Ihe battery cells the proper charging 
current. 

The proper charging current depends largely upon the de- 
sign of the plates, and as no two makes of cells are precisely 
alike, the value of the charging current will vary in different 
cases and should in every instance be obtained at the start 
from the manufacturer. Ordinarily, the normal charging cur- 
rent is about 8 amperes per square foot of the total surface of 
the positive plates per cell. Thus, if a cell contains five 
positive plates and six negative plates, each measuring 9 
inches by 8 inches, or 72 square inches, the total surface 
of each positive plate will be 2 X 72 = 144 square inches, or 
1 square foot. The total surface of the positive plates of the 
cell will therefore be 5 X 1 = 5 square feet, and at 8 amperes 
per square foot the charging current required will be 8 X 5 = 
40 amperes. 
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Throughout the charging process the current should be kept 
normal, for if its value be exceeded the active material on 
the plates is seriously affected, and if it be less than one-fifth 
of the normal value, an insoluble sulphate is liable to form 
and injure the plates. 

As the battery becomes charged its voltage rises, as shown 
in Fig. 23, and being opposed to that of the charging circuit 
it will be found necessary to increase the voltage of the gen- 
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Fig. 23. — Curve showing how the Voltage of a Storage Cell increases 
during the Charging Process. 

» 

erator as the charging process advances, in order to maintain 
a constant value of the current. Just before the completion 
of the charge it may thus be found necessary to raise the 
charging voltage nearly 40 per cent, above the normal voltage 
of the battery. 

140. Does any change occur in the specific gravity of 
the battery solution during the charging process? 

During the first part of the charging process the specific 
gravity of the battery solution will decrease, but it should not 
be allowed to drop more than 0.005 from the standard density. 
Thus a cell having a normal density of 1.200 must not regis- 
ter below 1.195, its value being regulated by the addition of 
dilute acid or clear water, as the occasion demands. Instead 
of adding the acid or water directly to the battery solution, 
it is advisable to siphon off a portion of it and add a fresh 
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quantity having a higher or lower specific gravity, as the case 
may be. 

In order to aid the battery attendant in estimating the 
quality and quantity of the solution to be added, the follow- 
ing figures are given to show the various specific gravities of 
the different combinations: 

Per Cent. Per Cent. Specific 

of Acid of Water Oravity 

50 50 1.398 

47 53 1.370 

' 44 56 1.342 

41 59 1.315 

38 62 1.289 

35 65 1.264 

32 68 1.239 

29 71 1.215 

26 74 1.190 

23 77 1.167 

20 .80 1.144 

17 83 1.121 

14 86 1.098 

10 90 1.068 

After the charging process has advanced somewhat, the 
specific gravity of the solution will begin to increase and will 
continue to rise during the remainder of the charge, but 
should not be allowed to increase more than 0.005 above the 
standard density. Thus a cell having a normal density of 
1.200 must not register above 1.205 on the hydrometer scale. 

141. What should be done if the solution reaches too 
high a temperature? 

If the temperature rises as high as 100 degrees Fahrenheit, 
it is advisable either to stop the charging process temporarily 
or to reduce the charging current until the temperature drops 
to about 80 degrees. 

142. What determines the length of time required to 
charge a battery ? 

The length of time required to charge a storage battery 
depends upon the extent to which it has been discharged, and 
also upon the ampere-hour rate of the charging current. Or- 
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dinarily, it is not advisable to depart much from the rule 
previously given, which allows eight amperes per square foot 
of positive plate surface. In cases where no facilities are 
provided for keeping the charging current constant, this 
current, although it may be normal at the start, will after- 
ward decrease and therefore require a longer time to complete 
the number, of ampere-hours constituting the charge than it 
would were the charging current maintained at its normal 
value. 

143. How is one to know when a charge is completed? 
There are several ways by means of which one may know 

when a charge is completed. The voltage of a cell, when fully 
charged, is approximately known, being usually about 2.50 
volts ; the battery solution also takes on a milky appearance, 
caused by gas bubbles rising through the solution. This lat- 
ter phenomenon is called ** the boiling of the solution," al- 
though it does not result from a high temperature, as indi- 
cated by the term, but from the action of the gas bubbles 
previously mentioned. 

144. Should all of the cells boil equally during the final 
stage of the charging process? 

Preferably so, but it will often be found during this final 
stage of the charging process that certain of the cells boil 
more than others. This difference, however, does not indi- 
cate trouble unless in one or more of them there is no boiling 
whatsoever. Those behaving in this manner should be marked 
and temporarily disconnected from circuit when the battery 
is discharged, but they should again be introduced for the 
following charge in order that they average up well there- 
rafter. 

THE DISCHARGING PROCESS 

145. What change in voltage takes place during the dis- 
charging process? 

As a storage-battery cell discharges, the voltage drops, as 
shown in Pig. 24. In practice, it is not advisable to allow a 
cell to discharge below 1.8 volts with the current flowing at 
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normal rate, for, as shown by the curve, the voltage drops 
rapidly beyond this stage, and the plates are liable to become 
injured. The battery should therefore be recharged when 
the voltmeter indicates that the voltage per cell has dropped 
to practically this amount with normal current flowing. At 
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Fig. 24. — Curve showing the Gradual Drop in Voltage during Dis- 
charge of a Storage Cell. 

higher than normal current rates, the limiting voltage is some- 
what lower. 

146. What change occurs in the specific gravity of the 
solution during the discharging process? 

The specific gravity of the solution decreases as the dis- 
charging process advances, becoming less in direct proportion 
to the ampere-hours discharged. If it drops much below 
1.175 on the hydrometer scale, it should be raised by replacing 
a portion of the solution with a fresh quantity having a higher 
specific gravity. 

147. What is the usual discharging rate of a storage 
cell? 

Ordinarily, the discharging rate of a storage cell should not 
be greater than 8 amperes per square foot of positive plate 
surface; its exact value, however, should be obtained in any 
given case from the manufacturer. The number of amperes 
which a cell is built to deliver continuously for eight hours 
is generally taken as a designating figure. Thus, a cell that 
will give 5 amperes for 8 hours is called a 40 ampere-hour 
cell. For a shorter period this cell will give continuously 
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a larger current, but the latter will not be larger in inverse 
proportion to the shorter period. Thus the 40 ampere-hour 
cell which gives 5 amperes for 8 hours will give about 7 
amperes for 5 hours or about 10 amperes for 3 hours ; in other 
words, it is really a 40 ampere-hour cell only at the normal 
8-hour rate of discharge. 

For central station work it is' customary to provide a suffi- 
cient number of cells that the working voltage be obtained 
when all the cells are discharged to the safe limit — that is, to 
1.8 volts per cell. Unless the installation is such that the load 
on the battery is greatest when the cells are fully charged 
and decreases as the battery discharges, the cells at one end 
are usually connected to a switch, so that a means may be 
provided for varying the number of cells in the working cir- 
cuit at will. 

148. Explain how an end-cell switch is used. 

In a 110-volt installation, for example, there will be re- 
quired at the beginning of a discharge about fifty cells. As 
the discharge progresses and the voltage drops, it will be 
necessary to adjust the end-cell switch so that an additional 
cell is introduced into circuit, and when the total pressure 
drops 2 volts more, another cell is switched in in a similar 
manner, and so on. 

Owing to these end cells being in service a somewhat shorter 
time than those constituting the main battery, they do not 
become discharged to such an extent as do the others, and 
therefore require less time to be charged. At the beginning 
of the charging process an end-cell switch connects all the 
end cells with the others and permits the former to be cut 
out separately, first the one discharging for the shortest time, 
and then the others in the order of their discharge periods. 
Separate end-cell switches for the charging and the discharg- 
ing processes are generally used to render it possible to have 
the battery permanently connected with the main circuit 
both while the cells are charging and while they are dis- 
charging. 
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DEFECTS AND REMEDIES 

149. What is one of the more common troubles that 
occur in the operation of a storage battery? 

Sulphating of the battery plates. This defect is caused by 
sulphate being deposited on the surface of the plates in the 
form of powder or scales. It may be detected by noting the 
appearance of the positive plates, which, if sulphated, be- 
come of a light grayish color ; the entire surface of the plate 
may take on this color, or it may occur only in places. If 
this defect is not remedied, the active material of the positive 
plates will be loosened thereby and fall out. The grids are 
also liable to become decayed, and internal short-circuits 
result if the sulphating process is allowed to progress to an 
advanced stage. 

150. How may sulphating of the battery plates be 
remedied? 

Sulphating of the plates being generally caused by dis- 
charging the battery too quickly or too slowly, the remedy 
consists in taking care to discharge the battery at a normal 
rate. In most types of storage cells the normal discharging 
rate is, as stated in Answer 147, about 8 amperes per square 
foot of positive plate surface, although in every case it is 
best to consult the manufacturer in regard to this point. 

Sulphating of the plates may also be caused by the bat- 
tery solution being either too weak or too strong. If the 
deposit has been forming on the plates for some time, it may 
be necessary to scrape it off. In such a case the scraping 
should not be done by any metal, but by means of a stick. 
The plates should then be thoroughly washed, not with water, 
but with the battery solution, and directly afterward placed 
in the battery jars, which should preferably be refilled with 
fresh solution. 

151. Is there any other trouble that the plates are sub- 
ject to? 

Unless separators of wood, glass or hard rubber are placed 
between the plates, they are liable to buckle or twist if the 
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battery is overcharged, and by coming in contact with each 
other short-circuit the battery. In modern types of storage 
cells separators are generally provided to prevent trouble 
in this way. 

152. How may battery plates that have become buckled 
be remedied? 

The plates should first be well cleaned and the entire set 
provided with boards, each having a thickness equal to the 
normal distance between the plates. The boards should be 
placed between the plates and pressure gradually applied 
to the outer ones until the plates regain their original shape. 
Under no conditions should a mallet be used in the straighten- 
ing process, as any pounding on the plate will cause the blocks 
of paste to become loosened and fall out. After the plates 
have been straightened, future trouble from this cause may 
be obviated by a slow rate of charging and discharging, and 
by the use of separators between adjacent plates. 

153. What is the average life of a storage battery? 

The life of a storage battery for electric station service 
averages about four years, but it may be shortened consider- 
ably by improper use or neglectfulness. The active material 
in the positive plates succumbs first, but there is also a 
deterioration going on in the negative plates during the action 
of the battery. 

154. What is one of the principal causes tending to 
shorten the life of a storage battery? 

Internal short-circuits. Material thrown off from the plates 
collects in the bottom of the jar, and if allowed to accumu- 
late will eventually come in contact with the lower parts of 
the plates and short-circuit them. Internal short-circuits 
shorten the life of a battery amazingly, and they may be 
caused not only by accumulations of plate deposits, as just 
mentioned, but by foreign substances such as nails, bolts or 
dirt accidentally getting in and lodging between the plates. 

As it is customary to construct the battery so that the plates 
are supported above the bottom of the jar by lugs or ribs, 
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there is a space in which the f oreigu substances may collect 
for a time without short-circuiting the plates, but it is obvi- 
ous that any deposit must be watched and cleaned out from 
time to time as occasion demands. Glass jars are particu- 
larly advantageous in facilitating inspections of the interior 
of the battery, although where battery jars which are not 
transparent ar.e used a special form of 6 candle-power incan- 
descent lamp having a flattened bulb and an elongated 
stem will be found very convenient in lighting up the inte- 
rior for inspection. 

155. What other causes tend to shorten the life of a 
storage battery? 

Its life will be considerably shortened if the charging cur- 
rent be passed through the battery in the wrong direction. 
It is therefore necessary to make sure that the positive pole 
of the charging generator is connected to the positive pole of 
the battery, and that the negative poles are connected to- 
gether, before the charging process is started. 

Current leakage between the cells is also an important 
factor governing the life of a storage battery, and as this 
leakage may be such as to entirely discharge a cell without 
the knowledge of the attendant, it is advisable to guard against 
it as far as possible. If the cells rest upon iron rails, as is 
sometimes the case, the rails are liable to encourage any tend- 
ency there may be toward leakage. Then, too, if the jars are 
placed so closely together that they touch, or nearly touch, 
each other, there is liable to be leakage of current, because 
the battery solution always creeps more or kss, and unless 
checked will form a conducting film on the outside of each jar. 
To prevent this a coating of melted paraffin wax should be 
applied with a brush around the inside of the .battery jar 
to a depth of about an inch. Care should also be taken to 
slightly elevate the battery jars above the floor, else moisture 
will accumulate beneath them, and there being no chance 
for ventilation the conditions will grow from bad to worse, 
aggravating the conditions for leakage. Either plain por- 
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celain or glass insulating supports may advantageously be 
used beneath the cells to raise them above the floor. 

156. What precautions should be observed when a 
storage battery is to be left unused for a few weeks? 

The fact that storage ceUs gradually become discharged 
when allowed to stand idle, taken in connection with the de- 
terioration of plates that occurs after the charge has decreased 
to a certain amount, renders it necessary to take certain pre- 
cautions with ceUs that are to be left unused for a consid- 
erable time. 

The precautions to take depend upon the length of time 
the battery is to be left out of commission. If it be but a few 
weeks, the plates may be protected from injury by introducing 
certain chemicals in the battery solution. Oxalic acid, potas- 
sium sulphate, sodium sulphate or caustic soda may be used 
for this purpose. In the case of caustic soda 1 ounce is suffi- 
cient for 5 gallons of the solution, although it is necessary 
to dilute the chemical to the extent of about 5 ounces of water 
to 1 ounce of caustic soda before adding it to the solution. 
When oxalic acid, sodium sulphate or potassium sulphate is 
used for this purpose, it should be diluted to the extent 
of 1 ounce of the solid material to 1 gallon of the solution. 
In dissolving sodium sulphate it is necessary to use hot 
water. 

The chemical to be added should be introduced into the 
battery solution directly after the cells have been charged. 
Its introduction will cause a slight bubbling of the solution, 
and by neutralizing a small quantity of the acid will slightly 
reduce the specific gravity of the solution, which in turn will 
diminish the electromotive force of the battery to a small 
extent. Neither of these results is of a serious nature and need 
cause no apprehension. 

157. What precautions are necessary when a storage 
battery is to be left unused longer than a few weeks? 

The use of chemicals is not necessary, but the battery must 
be fully charged, after which the solution should be entirely 
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withdrawn and the cells filled with pure water. The battery 
should next be discharged, first through a resistance, and 
then when its voltage is nearly down, by short-circuiting the 
battery terminals so as to render the discharge complete. The 
plates must be allowed to soak in the water for about twenty- 
four hours, following which the water should be removed and 
the plates left dry in the jars. 

The separators, if made of wood, will be found practically 
useless when the cell is again called into seryice, and may 
as well be thrown away ; if, however, they are made of rubber, 
it is worth while to preserve them, so they should be washed 
in water and set aside with the plates. 

158. What kind of apparatus will be found useful in 
operating a storage battery plant? 

One or more hydrometers for measuring the specific gravity 
of the battery solution ; a syringe or siphon for taking out the 
solution from the jars; a thermometer for measuring the 
internal temperature, of the cells ; a hydrometer jar for test- 
ing the specific gravity of the solution ; a low reading direct- 
current voltmeter for measuring the voltage per cell ; a high 
reading direct-current voltmeter for measuring the total volt- 
age of .the battery ; a direct-current ammeter for measuring 
the charging current; the usual tools, such as pliers, wrench 
and screwdriver, common in other kinds of electrical work, 
and a battery inspection lamp of the electric incandescent 
type with flat bulb and long flexible wire connection. 

159. What precautions should be observed by storage 
battery attendants for their own convenience and safety? 

Sore hands is one of the most common inconveniences at- 
tending the care of a storage battery, being caused by the 
action of the battery solution on the flesh ; this, however, may 
be remedied by occasionally dipping the hands into a super- 
saturated solution of washing soda and water. 

The acid of the battery solution is also very destructive 
to clothing, but ammonia fortis will neutralize the acid and 
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prevent it from doing harm in this way if it be applied in 
time. 

In siphoning the solution *from a battery jar, an india- 
rubber tube is often employed ; this is filled with the solution 
and the ends of the tube held closed until one extremity is 
placed in the battery jar and the other in the receiving vessel 
at a lower level. If, then, the ends of the tube be released, 
the solution will usually pass through the tube from the jar 
to the vessel without further assistance, but in some cases 
the suction is not sufficient and there may be a temptation 
to start the process by sucking the free end of the tube; 
this, however, must never be attempted, as the solution being 
both corrosive and poisonous would cause serious consequences 
if by chance some of it were drawn into the mouth. 

Hydrogen gas is freely given off from the solution during 
the charging process, and this being of a highly explosive 
nature, the attendant is warned not to smoke while working 
about the battery, nor to carry a flame into the room while 
the battery is in operation. 

1 60. Upon what factors should the selection of a given 
type of storage cell be based? 

Upon its charge aind discharge rate in hours, its ampere- 
hours per pound of weight, its watt-hours per pound of weight, 
its discharge in ampere-hours per dollar of cost, its discharge 
in watt-hours per dollar of cost and its discharge in watt- 
hours per pound of weight as compared with other standard 
types of storage cells. 

In determining these factors the pressure readings should 
be taken with the voltmeter connected directly across the lead 
terminals of the cell, and not to the circuit or connectors. The 
current readings should be taken with the ammeter connected 
as closely as feasible to one terminal of the cell, so that any 
leakage of current may also be recorded. Ordinarily, about 
twenty readings furnish sufficient data for obtaining a good 
average value; if, however, the source of the current or the 
rate of discharge is unusually variable, or if the instruments 
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do not quickly respond to changes of current, it will be neces- 
sary to take a greater number of readings. A fairly accurate 
idea may be obtained of the condition of a storage cell before 
testing it, if its actual voltage on open circuit be obtained 
and compared with its rated value. 

From the values obtained in the test, the following eflS- 
ciencies may also be calculated and used as a basis of com- 
parison in deciding upon a given type of storage cell. 

. , «, . Discharge in ampere-hours. 

Ampere-hour emcieDCj =—^^ — ^ — ; 

Charge m ampere-hours. 

Mean volt efficiency = Mean volts of discl.arge. 

Mean volts of charge. 

Watt-hour efflcency ^Discharge in watt-honrg. 

Charge m watt-hours. 



MAGNETISM 

PERMANENT MAGNETS 

i6i. What is a magnet? . 

A body usually composed of iron or steel that possesses the 
property of attracting other pieces of iron or steel. 

162. Are there different kinds of magnets? 

Yes, there are natural magnets and artificial magnets, but 
the latter kind are the only ones of practical use. Artificial 
magnets may be either permanent magnets or electro- 
magnets. 

163. What is the difference between a natural magnet 
and an artificial magnet? 

The natural magnet is a species of iron ore and is called 
loadstone or magnetite. It was first found by the ancients at 
Magnesia in Asia Minor, and on account of its property of 
attracting pieces of iron was given the name of magnet by 
them. 

If a bar of hard steel be rubbed a number of times in the 
direction of its length by a piece of loadstone, it will acquire 
the magnetic property of the natural magnet and to a much 
greater extent. The steel magnet thus formed is called an 
artificial magnet, and unless subjected to rough usage, such 
as sudden jars or high temperatures, will retain its magnetic 
properties for a considerable length of time. The harder 
the steel, other conditions being the same, the longer will it 
remain magnetized — ^but the more difficult also will be the 
process of magnetizing it. A bar of soft iron may be mag- 
netized in a much shorter time than a bar of hard steel or 
nickel, but the latter will retain its magnetism for a much 

longer period. 

90 
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164. Can artificial magnets be made in any other way 
than described in Answer 163? 

Yes, instead of rubbing with a piece of loadstone, an arti- 
ficial magnet already made may be used. Another method 
consists in wrapping around the steel bar a coil of insulated 
wire and allowing a current to flow through the wire for a 
time. When the bar is withdrawn from the coil it will be 
found permanently magnetized. 

165. Is an artificial magnet, formed as described in An- 
swers 163 and 164, a permanent magnet or an electro^ 
magnet? 

A permanent magnet. 

166. Illustrate and describe the magnetic effect of a 
permanent magnet on iron filings. 

Iron filings, being light in weight, afford the best means of 
exhibiting the property peculiar to magnets. If a handful 
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Fig. 25. — Iron Filings on a Permanent Bar Magnet. 

of them be scattered over a permanent bar magnet, they 
will be attracted to the ends of the bar and will adhere thereto 
in great quantities ; whereas, at or near the center of the bar 
there will be few, if any, filings observable. 

This experiment is illustrated in Pig. 25, and goes to prove 
that the force of attraction is greatest at or near the ends 
of a magnet, that it decreases in strength as the center is 
approached from either end and that at the center of the 
magnet the force of attraction is zero. In speaking of a 
magnet, it is usual to designate the one end as a north pole, 
the other end as a south pole and its central portion as the 
equator. 
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167. How may the polarity of a magnet be deter- 
mined? 

The north pole of a bar magnet may be determined by sus- 
pending the magnet at its center, and if its support be suffi- 
ciently tortionless and frictionless, the north pole will always 
be at that end pointing toward the north.. At the other 
end will be located the south pole of the magnet. 

A simpler method, however, of determining the polarity 
of a magnet is by the aid of a compass, which is itself a mag- 
net of light weight in the form of a needle or pointer freely 
supported at the center, so that it quickly takes up its posi- 
tion of rest in a north and south direction. The earth, con- 
stituting a huge magnet, with magnetic poles practically 
coincident with its geographical poles, exerts the directive 
influence. If one end of the magnet, whose polarity is to 
be determined, be held near the end of the compass needle 
pointing toward the north, one of two things will take place : 
either the north pole of the compass needle will be attracted 
to the end of the magnet presented or it will be repelled 
from this end of the magnet. Either of these actions, taken in 
connection with the fact that like magnetic poles repel each 
other, and unlike magnetic poles attract each other, provides 
an easy method of ascertaining which is the north pole and 
which the south pole of the magnet. If repulsion ensues, 
the end of the magnet presented is a north pole and the other 
end of this magnet is a south pole; whereas, if attraction 
takes place, the end of the magnet presented is a south polfe 
and the other end a north pole. 

The simplest method of determining the polarity of a mag- 
net is by testing it with one whose polarity is already known. 
By simply holding the ends of the two magnets near each 
other, either the attractive force exerted between the two 
will be easily felt or there will be a repulsion, which, however, 
is not usually so easily detected. This method is a simple 
modification of the compass-needle method just described, and 
conclusions regarding polarity are formed in a similar 
manner. 



MA0NETI8M 93 

1 68. Is it possible for a magnet to have a north pole 
without also having a south pole? 

No ; the two are inseparable. If a magnet, m, Fig. 26, were 
to be broken into any number of pieces, h, I, v, with the in- 
tention of separating the two poles, it would be found upon 
testing the polarities of these pieces that each of them would 
be a magnet complete in itself, with a north pole N at one 
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Fig. 26. — Distribution of Magnetism in a Bar Magnet when Broken. 

end, a south pole 8 at the other end and a neutral point 
at the equator. 

169. Explain the principle upon whic^ a magnet at- 
tracts iron filings. 

The principle underlying the magnetic attraction of iron 
filings or other pieces of iron or its alloys is called magnetic 
induction; that is to say, when the north pole of a magnet 
is brought near an unmagnetized piece of iron, the latter, al- 
though itself possessing no magnetism, becomes magnetized 
by induction, even though there be no contact between the 
two. A north pole is thus induced or caused to exist in that 
end of the piece of iron further from the north pole of the 
magnet, and as a north pole cannot exist alone in the iron, 
the accompanying south pole appears at its nearer end. Since 
unlike poles attract each other, there will be a tendency for 
the south pole of the iron and the north pole of the magnet 
to come together. Whichever of the two attracting metals 
is the lighter and the more free to move will naturally tend 
to travel toward the heavier one offering the higher resist- 
ance. 

Applying a similar line of reasoning in the case of a south 
pole, it is seen why each of the minute iron filings in Pig. 25, 
which temporarily becomes a magnet by induction, travels 
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toward the one or the other of the two poles of the magnet 
and adheres to it as shown. The filings remain magnetized 
only so long as they are under the influence of the poles of 
the magnet; as soon as they are separated therefrom and 
placed at a distance, they lose whatever magnetic properties 
they previously possessed. 

170. How is the inductive action just described, as- 
sumed to travel? 

In a definite direction, and along imaginary lines called 
lines of force. These lines, although invisible, are assumed 
to pass out in all directions from the north pole of a magnet, 




Fig. 27. — ^Magnetic Lines of Force of a Bar Magnet. 

make complete circuits through the surrounding space and 

« 

return into the south pole of the magnet, passing thence 
through the magnet to their starting points at the north pole. 
Lines of force are never straight and never intersect each 
other, but are curved and symmetrical as shown in Fig. 27. 

The greater the number of lines of force provided by a 
magnet, the stronger its magnetic action. The number of 
lines of force passing through a unit of area, as a square 
inch, is a measure of the magnetic strength of a magnet and 
is called the ** magnetic density " or the ** flux '' per square 
inch. The space surrounding a magnet which is permeated 
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with the lines of force is known as the *' field " of the 
magnet. 

171. What substances can be attracted by a magnet? 

Only those substances which are themselves capable of be- 
coming magnetized. Of these, iron and steel are the most sen- 
sitive, although nickel, cobalt, manganese, cerium and chro- 
mium are a,lso classed as magnetic substances. All other sub- 
stances are incapable of becoming magnetized, hence cannot 
be attracted by a magnet, and are therefore called non- 
magnetic substances. 

172. Describe the effects which result from interposing 
sheets of magnetic material and sheets of non-magnetic 
material between a magnet and the iron that it is attracting. 

Sheets of non-magnetic material, such as glass, brass, pa- 
per, etc., offer no more resistance to the passage of the lines 
of force through them than does the same air space; conse- 
quently, the attractive force of the magnet is not diminished 
thereby in the least. 

If sheets of magnetic material such as iron or steel be 
placed between a magnet and the iron that it is attracting, 
the lines of force will complete their circuits through the iron 
or steel in preference to passing beyond, for the reason that 
the magnetic material of the sheet offers a path of lesser 
resistance than does air; consequently, the attractive force 
of the magnet will not extend beyond the magnetic screen 
thus formed. 

173. According to what rule may the force exerted be- 
tween two magnetic poles be estimated? 

By this rule, namely :-r-The force exerted between two mag- 
netic poles is proportional to the product of their pole 
strengths, and is inversely proportional to the square of the 
distance between them. 

174. What is a horseshoe magnet? 

A horseshoe magnet is simply a modification of the bar 
magnet ; in fact, is a bar magnet with its ends bent around 
in the shape of a horseshoe, as shown in Fig. 28. 
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The advantage gained by this change in shape is the in- 
creased magnetic flux between the poles N and 8, owing to 
the shorter path throi^h the air and the consequent deereased 



Fig. 23. — Permanent Horseshoe Magnet and Keeper. 
resistance to the lines of force. In this form the permanent 
magnet is often found to he very serviceable, and can be made 
to exert considerable pulling force by bolting a number of 
them, separately magnetized, together with like poles touch- 
ing each other. ^ 

To aid the horseshoe magnet in retaining its magnetism, 
a soft iron armature, or keeper m. Fig. 28, is used to close the 
gap between the poles when the magnet is not in use. 

ELECTROMAGNETS 

175. What is an electromagnet? 

An electromagnet is a bar of solt iron which may be 
straight, but more commonly in the shape of a horseshoe, 
which is magnetized by the passage of a current through a 
coil of insulated wire wound around it and which ceases to 
be magnetized when the current ceases. 

The wire composing (he coil is wound in opposite direc- 
tions around the limbs or straight portions of the horseshoe 
magnet, as shown in Fig. 29, to produce poles of opposite 
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polarity at the ends. The portion c joining the limbs a and b 
is. called the yoke of the magnet. 

176. Is there a definite relation between the directional 
flow of the current around the magnet and the resulting 
polarity? 

Yes; when the current travels around the core or limbs 
of a magnet in the direction taken normally by the hands of 
a clock, the north pole will be at the end further from the 
observer, leaving the south pole at the nearer end. This 
case is illustrated in Fig. 29 by considering the left-hand leg 
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Fig. 29. — Electromagnet. 

a; the current is traveling through the wire as indicated by 
the arrows, and a south pole is formed at 8. When the cur- 
rent travels around the core in the opposite direction to that 
taken normally by the hands of a clock, the north pole will be 
at the end nearer the observer, leaving the south pole at the 
further end. This case is also illustrated in Fig. 29 by con- 
sidering the right-hand leg 6 with the north pole developed 
Sit N. 

177. What factors govern the magnetizing power of an 
electromagnet? 

The magnetizing power of an electromagnet, or magneto- 
motive force, as it is frequently termed, is proportional to the 
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number of amperes flowing through the magnet winding and 
the number of turns of wire on the magnet core. Two am- 
peres flowing through 10 turns of wire will therefore give 
the same magnetizing power as 10 amperes flowing through 
two turns, or 1 ampere flowing through 20 turns. 

If c = the number of amperes, n the total number of turns 
on the core, 1.257 a constant and M.M.F. the magneto- 
motive force in gilberts (1 gilbert being equal to 0.7958 
ampere-turns), then M. M. F, =^ 1.257 c n, 

178. Calculate the number of gilberts of magneto- 
motive force in an electromagnet composed of 96 turns 
through which a current of 2 amperes is flowing. 

According to the problem the number of amperes c = 2, 
and the number of turns n = 96. Substituting these values 
in the formula M, M. P, = 1,257 c n, there results M. M, F. = 
1.257 X 2 X 96 = 241.344 ; 241.344 gilberts is therefore the 
magnetomotive force, or magnetizing power of the electro- 
magnet. 

179. How are the magnetic qualities of iron and steel 
best represented? 

By curves of magnetization such as shown in Fig. 30 for 
sheet iron annealed, cast steel unannealed, wrought-iron f org- 
ings, and gray cast iron, respectively. By means of these 
curves it is possible to find at a glance the magnetizing force 
or the number of ampere-turns per inch of length necessary 
to employ in the case of any of these magnetic substances 
for obtaining a given magnetic density in lines of force per 
square inch of sectional area. 

Thus, to cause 115,000 lines of force per square inch 
through sheet iron annealed requires, according to the mag- 
netization curve for this material, 500 ampere-turns per inch 
of length ; to cause 80,000 lines per square inch through cast 
steel unannealed requires 150 ampere-turns per inch of length ; 
to cause this same magnetic density in wrought-iron forgings 
requires 100 ampere-turns per inch of length; and to cause 
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55,000 lines of force per square inch through gray cast iron 
requires 550 ampere-turns per inch of length. 

i8o. In what respects do the calculations in a magnetic 
circuit resemble those in an electrical circuit? 

In an electrical circuit, according to Ohm's law, the cur- 
rent flowing is equal to the electromotive force divided by 
the resistance. In a magnetic circuit the total number of 
lines of force flowing is equal to the magnetomotive force 
divided by the reluctance. The reluctance of a magnetic cir- 
cuit corresponds, therefore, to the resistance of an electrical 
circuit, and it increases as the length of the magnetic circuit 
increases, decreases as the sectional area of the magnetic cir- 
cuit increases, and decreases as the permeability or conducting 
power of the magnetic circuit for lines of force increases. 

i8i. Calculate from the magnetization curve for 
wrought iron given in Fig. 30, the number of turns required 
in a magnet supplied with 2 amperes of current, to produce 
a flux of 180,000 lines of force in a core of this material 
2 square inches in sectional area and 10 inches in length. 

The required magnetic density per square inch, according 
to the problem is 180,000 ~ 2 = 90,000 lines of force. Ac- 
cording to the curve for wrought iron in Fig. 30, it requires 
200 ampere-turns per inch of length to produce this magnetic 
density. As the core is 10 inches long, 10 X 200 = 2,000 
ampere-turns will be necessary in the magnet coil. Since the 
current at hand is, according to the problem, 2 amperes, the 
number of turns required will be 2,000 H- 2 = 1,000. 

182. What relation exists between the permeability of 
a magnetic substance, its magnetic density per square inch, 
and its magnetizing power in ampere-turns per inch of 
length? 

The permeability of a substance is its magnetic density per 
square inch divided by its magnetizing power in ampere-turns 
per inch of length. If, therefore, a number of corresponding 
values of the magnetic density and magnetizing force be found 
from any one of the curves given in Fig. 30, and divided as 
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just stated, the quotients will be the values of the permeability 
for the respective values of the magnetic density correspond- 
ing to the substance represented by the curve. The results 
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Fig. 30. — Magnetization Curves. Fig. 31. — Permeability Curves. 

thus obtained from the curves in Fig. 30 will, if plotted, give 
the permeability curves shown in Fig. 31. 

183. State the formula for calculating the reluctance of 
a magnetic circuit to a given magnetic density. 

The formula is r ;= — , in which ( ^ the length in inches of 

the magnetic circuit, a ^= the cross-sectional area in square 
inches of the magnetic circuit, M = the permeability of the 
material composing the circuit and corresponding to the given 
magnetic density, and r = the reluctance of the magnetic 
circuit. 

184. Calculate the reluctance o£ a cast-steel magnetic 
circuit 7 inches long and 50 square inches in cross-section 
corresponding to a magnetic density of 70,000 lines of force 
per square inch. 
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According to the problem, the length of the magnetic cir- 
cuit l = 7y the cross-sectional area a = 50 and from the curve 
for cast steel in Fig. 31 a magnetic density of 70,000 lines 
gives jd = 700. Substituting these values in the formula 

I 7 !.,•--' 

r = — , there results r = -^^ ^ , ^^ = 0.0002. : Tbc^relnctance, 
/wa' 700 X 50 ..... -t ' 

of the circuit is therefore 0.0002. : -'• • 
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185. Determine the number of turns necessary for a 
coil carrying 3.5 amperes to maintain the conditions speci- 
fied in Question 184. 

The total number of lines of force required is 50 X 70,000 
= 3,500,000, and the reluctance is 0.0002. According to the 
information given in Answer 180, the magnetomotive force 
is equal to the reluctance multiplied by the total number of 
lines of force flowing. In the present case the magneto- 
motive force is therefore that due to 0.0002 X 3,500,000 = 
700 ampere-turns. With 3.5 amperes of current in the 
coil, the necessary number of turns will therefore be 700 -r- 
3.5 = 200. 

186. What is residual magnetism? 

The magnetism remaining in a magnetic substance after 
it has been removed from a magnetic field. It is owing to this 
property that artificial magnets retain their magnetic strength 
for so long a time. As stated in Answer 163, hard steel and 
nickel retain their magnetism for a much longer time than 
does soft iron, and they may therefore be said to possess more 
residual magnetism. 

187. Explain what is meant by magnetic leakage. 
Magnetic leakage is the straying of the lines of force 

from their main path, and is due to the existence of other 
paths offering usually a lower magnetic resistance or reluc- 
tance. Leakage may, however, occur into the surrounding 
air space, which, although of higher reluctance than iron or 
steel occupying the same amount of space, is at the same time 
a magnetic conductor having a permeability of 1; in cases 
where the air space provides a shorter and easier path for 
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certain of the lines of force than is afforded them by the main 
magnetic circuit, leakage results. 

Those lines of force which are thus led astray produce no 
useful work, and in the design of a magnet every effort should 

' -be mftdetO; reduce this loss to a minimum. With this object 
'' in view, tife'iron or steel used in the magnetic circuit should 

: -ppsse^ii-a high . peicmeability , the length of the magnetic cir- 
cuit should be a*s short as practicable under the attending 
conditions and the cross-sectional area of the magnetic cir- 
cuit should be comparatively large and as uniform as possible. 

i88. Aside from the leakage of lines of force, are there 
any other internal losses that may occur during the mag- 
netization of a piece of iron? 

Yes, there is a hysteresis loss and an eddy current loss. 

Hysteresis is a lagging or retardation of the magnetic effect 
when the lines of force are reversed in rapid succession by 
changing the direction of the- magnetizing current. This 
effect is due to a magnetic friction within the core and causes 
the iron to become heated, thereby occasioning a loss of 
energy. The softer the iron and the smaller the magnetizing 
current, the lower will be the hysteresis loss. 

Eddy currents are useless local currents in an iron core, 
caused by the electromotive forces developed by its motion 
through a magnetic field or by a varying current nearby. 
They are of greatest intensity when the changes in the mag- 
netic field or the current are the greatest and most sudden. 
Eddy currents cause a loss of energy by heating the iron core, 
and they may cause it to become so hot as to char the insula- 
tion of its windings. These currents may be prevented by 
laminating or dividing the core so as to impose resistance in 
their path ; that is, the core should be built up of thin sheets 
of iron insulated from one another by a coating of japan or 
varnish and pressed together, rather than composed of a solid 
mass of metal. 
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PRACTICAL APPLICATION OF MAGNETS 

189. State the principal advantage which electromagnets 
possess over the other t3^es of magnets previously men- 
tioned» for practical applications. 

Electromagnets are best adapted to most practical pur- 
poses for the reason that it is possible to exercise complete 
control of their magnetism and therefore of their action. 
When the magnetizing current is flowing through the turns 
of the magnet coil, the core is magnetized and attracts the 
armature. At the instant this current is stopped, however, 
the magnetic effect ceases and the armature is free to be 
drawn away from the magnet poles either by a spring or by 
the force of gravity. Inasmuch as the circuit in which the 
magnet coil is connected, and through which the magnetizing 
current flows, can be closed or opened at will from almost any 
distance, the action of the electromagnet is under perfect 
control from any desirable position. 

I go. Mention the more common applications of electro- 
magnets to commercial purposes. 

Electric bells, electric clocks and telegraph instruments; 
also as field magnets on electric generators and motors. 

igi. Give the formula for finding the pull or lifting 
power of a magnet. 

The formula is p = nPrnrrT^T^i i^ which a = the total area 

72,134,000 

in square inches of contact surface, B = the magnetic density 
in lines of force per square inch, and p the lifting power in 
pounds. 

For lifting or tractive work the horseshoe type of electro- 
magnet is invariably employed, and as there are then two 
contact surfaces, one at the north pole and the other at the 
south pole, the total nimiber of lines of force developed are 
used twice in causing the traction. If the contact surfaces are 
each equal in area and are symmetrical, the total lifting power 
will be twice the amount found by the formula for each con- 
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tact surface alone; otherwise, the lifting power for each 
contact surface should be calculated separately and then 
added together for the total amount. 

192. Calculate the total pulling effort of a magnet, each 
core of which has an area of 10 square inches and a mag- 
netic density of 110,000 lines of force. 

According to the problem the magnetic density B = 110,000, 
and the core area a = 10. Substituting these values in the 

formula p -72,134,000' ^'^^^^ ^^^^*« ^ = 72,134,000 - 
1,677 pounds. The two poles of the magnet will therefore 
exert a total pulling effort of 2 X 1,677 pounds, or 3,354 
pounds. 

193. Give the formula for finding the magnetic density 
in lines of force per square inch necessary to develop a 
certain pulling effort with a given area of contact surface. 

This formula may be obtained by transposing the factors in 
the formula given in Answer 191 so as to obtain an expression 

for B in terms of p and a. Thus if p — 70 1Q4000 ' ^^^^ ^ ~ 

8,493/|/|. 

194. Calculate the magnetic density in lines of force per 
square inch necessary to employ in an electromagnet where 
it is desired to have each pole exert a pulling force of 400 
pounds, the area of contact being 4 square inches. 

According to the problem the pulling force p = 400, and 
the core area a = 4. Substituting these values in the formula 

B = 8,493 i/|, there results B = 8,493 /j/^^ 84,930. The 

necessary magnetic density to employ is therefore 84,930 lines 
of force per square inch. 

195. Give a formula for finding the portative power of 
a permanent magnet — ^that is, its capability of holding up or 
canying a weight. 
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The formula is m; = 20.7 y/ 1^, in which t = the weight of 
the magnet, and w = the weight which the magnet can carry. 

The portative power of a magnet may, however, be increased 
by gradually applying the load on its armature day by day; 
in this way it may be made to carry a load which at the be- 
ginning of the process it could not have borne. If the load 
be thus gradually increased until the armature falls, the por- 
tative power of the magnet decreases at once to its original 
value. 

ig6. Calculate the portative power of a steel magnet 
weighing 4 pounds. 

According to the problem, the weight t = 4. Substituting 
the value in the formula w = 20.7 v/ t^, there results w = 
20.7 v/ 64 = 165.6. The portative power of the magnet is 
therefore 165.6 pounds. . 



ELECTROMAGNETIC INDUCTION 

197. What is electromagnetic induction? 

The production of electric currents in a wire due to chang- 
ing magnetic conditions with respect to the wire. 

jg8. Describe the method of producing a current of 
electricity by electromagnetic induction. 

The method can best be described by aid of the illustration, 
Fig. 32, in which the ends of two wires are shown at c and e. 



Fig. 32. — Illustrating the Principle of Electromagnetic Induction. 

respectively. The dotted circles represent the magnetic lines 
of force surrounding these wires when a current of electricity 
is flowing through each of them. If the current in the wire 
e be flowing from the observer and that in the wire c be flow- 
ing toward the obsen-er, the direction of travel of the lines of 
force in the two cases will be as represented by the arrow- 
beads. 

106 
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In order to satisfy the conditions shown in Fig. 32, it is 
simply necessary that the wire e be connected to a source 
of current ; if, then, the wire c, having its ends joined together 
so as to form a closed circuit, be brought into the magnetic 
field of the wire e, an electromotive force will be induced in 
the closed circuit which will cause a current of electricity to 
flow through it. The inductive action is caused by the wire 
c cutting the lines of force as it is brought into the field of 
the wire e. 

The electromotive force induced in c is directly propor- 
tional to the rate of cutting the magnetic lines of force, and 
therefore depends upon the number of lines of force devel- 
oped by the current in e, and the velocity with which c is 
brought into the magnetic field of e, being higher as the values 
of these two quantities are increased. 

199. What direction of flow has the induced current 
relatively to the current producing the action? 

The current induced in the wire c, Fig. 32, as it is brought 
into the field of the wire e, flows in the opposite direction to 
that in the wire e. The direction of travel of the lines of 
force resulting from the induced current is therefore opposite 
to that of the lines of force of the inducing current; the 
former lines consequently oppose the latter, as represented by 
the arrowheads in Fig. 32, and tend to stop them. 

On the other hand, when the wire c is withdrawn from the 
field of the wire e, the induced current in c is reversed, re- 
versing in consequence the directional flow of its lines of 
force. 

200. In what other way besides that already mentioned 
may electromagnetic induction be illustrated? 

By making and breaking the current in the wire e, currents 
will be produced by electromagnetic induction in the wire c, 
even though it be permanently located in the field of e. When 
the current commences to flow through the wire e, the estab- 
lishing of the magnetic field surrounding this wire causes 
the magnetic lines of force constituting its field to cut the 
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wire c. Inasmuch as the electromotive force, and therefore the 
current induced in c, depends solely upon its rate of cutting 
the lines of force, the result will be the same as when the wire 
c was brought into the already established field of the wire e, 
if the current in e be equal in both cases and the lines of 
force cut the wire c with the sJame velocity as the wire c was 
made to cut the lines of force in the former case. 

Similarly, when the current ceases to flow through the wire 
e, the collapsing of the lines of force surrounding the wire 
e will produce in c a current which will flow in the opposite 
direction to that caused by the current in e, when starting. 

In any case the lines of force developed by the induced cur- 
rent in the wire c will travel around c in such a direction that 
their reaction or magnetic effect will tend to stop the motion 
producing them; that is, to stop the motion of the lines of 
force developed by the current in the wire e, 

201. What are the important factors which govern the 
production of electricity by electromagnetic induction? 

Motion is an important factor, inasmuch as the electro- 
motive force and therefore the current induced depend upon 
the rate of cutting the magnetic lines of force. If, for ex- 
ample, the current in e be maintained at a constant value 
after it has been started, the current induced in c at the start 
will then cease to flow. The reason for this is that the lines of 
force surrounding e will remain stationary, and as the wire c 
is also stationary, it is neither cutting nor cut by lines of force 
and consequently no current is induced therein. 

By winding upon an iron core that portion of the insulated 
wires of the two circuits which are subjected to inductive 
action, the effects will be greatly increased over those ob- 
tainable from straight parallel wires as in Pig. 32. 

202. Give the usual terms applied to apparatus in com- 
mercial use whose operation is based upon electromagnetic 
induction, and also the terms by which the two circuits 
therein are designated. 
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Every dynamo or commercial machine generating electricity 
operates by virtue of electromagnetic induction. Usually, 
the stationary circuit carrying the inducing current is called 
the field circuit, and the moving circuit in which the current 
is induced is called the armature. 

In the induction coil, an electromagnetic induction device 
largely used in medical work, the inducing circuit is called 
the primary circuit, and the circuit in which current is in- 
duced is called the secondary circuit. Both circuits are sta- 
tionary, but the lines of force of the primary circuit are made 
to cut the secondary circuit by alternately making and break- 
ing the primary current in rapid succession. 

In alternating-current work there is the transformer, a piece 
of apparatus constructed similarly to an induction coil, for 
producing from a given electrical current another current 
of different voltage by means of electromagnetic induction. 
In this case the primary and secondary circuits are stationary 
as in the induction coil, but instead of alternately opening 
and closing the primary circuit, the rapid reversals of the 
alternating current keep the lines of force cutting the turns 
of the secondary coil and induce in them an electromotive 
force which bears the same proportion to the primary electro- 
motive force as the number of turns in the secondary coil 
bears to those in the primary coil. In each of these electro- 
magnetic induction devices, the insulated wires or conductors 
constituting the active portions of the two circuits are wound 
upon iron cores to increase the effects as previously men- 
tioned. 

203. What action takes place when two magnetic fields 
are brought together so that the lines of force of the one 
intercept those of the other? 

There is a tendency for the lines of force to arrange them- 
selves so as to coincide in direction and thereby cause motion 
to the magnetic bodies producing the fields. This action can 
best be explained by reference to Fig. 33, where N 8 repre- 
sents a compass needle having a north pole at N and a south 
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pole at 8, and c a wire through which a current is flowing 
in the direction of the arrow a. 

The magnetic lines of force developed by the needle, it will 
be remembered, complete their circuits through the air by- 
passing outside the needle from N to 8, while those developed 




Fig. 33. — Showing the Effect Produced when Two Magnetic Fields are 
Brought Together. 

by the current in the wire circulate in concentric paths at 
right angles to the wire. Suppose the wire be so placed with 
respect to the compass needle that it occupies a position di- 
rectly above it, and that when no current is flowing through 
the wire the needle points along the direction of the wire. 
If, then, current be sent through the wire in the direction of 
the arrow a, the needle will be deflected from its original 
position until it lies nearly at right angles to the wire, as shown 
in Pig. 33, with its north pole toward the left. Andre Marie 
Ampere, a French physicist, noticed this effect many years ago 
and formulated it in the following way : Imagine a man swim- 
ming along the wire in the direction in which the current is 
flowing and facing the needle. The north pole will, in all 
cases, be deflected toward his left hand. 
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The reason for this action is that the magnetic lines of force 
of the needle and of the wire, in striving to coincide in direc- 
tion with each other, exert a pulling force both upon the 
needle and the wire ; but as the wire is fixed and the needle 
free to move, the latter is pulled into the position shown. As 
long as the magnetic fields developed by the needle and the 
current-carrying wire are maintained in this manner, the 
needle will remain in its deflected position. If, however, either 
the polarity of the needle or the direction of the current in 
the wire be reversed, the needle will be deflected in the opposite 
direction, occupying a position at right angles to that shown 
in the illustration. 

204. What commercial applications has the action re- 
ferred to in Question 203? 

Every electric motor or commercial machine for converting 
electricity into mechanical energy operates by reason of this 
action. The wire c in Fig. 33 corresponds in every such case 
to the field, and the magnetic needle to the armature, but in- 
stead of a permanent magnet, as the needle in Fig. 33, pro- 
ducing the lines of force, they are produced by electrical con- 
ductors through which flow currents that are either fed 
directly into these conductcws, as in the case of direct-current 
motors, or else are induced in them by the currents in the 
surrounding wires constituting the field, as in the case of 
the more common types of alternating-current motors. Con- 
tinuous rotation of the armature is caused in the former case 
by reversing the direction of the current through the arma- 
ture at the proper time, and in the latter case by so arranging 
the conductors in the field that the lines of force developed by 
the passage of the alternating current through them produce 
a continued rotary pull upon the armature. 

Electrical measuring instruments are also based upon the 
principles illustrated in Fig. 33. In some of these the pointer 
is attached directly to the magnetic needle which is mounted 
within a coil formed by the wire carrying the current. The 
deflection of the needle being proportional to the strength of 
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the current through the wire, the pointer attached to the 
needle can be made to register on a graduated scale the exact 
quantity being measured. In other types of measuring instru- 
ments the magnetic needle in Fig. 33 is replaced by a coil 
of fine wire through which the current to be measured,, or a 
certain portion of it, is passed. This coil is mounted between 
the poles of a permanent horseshoe magnet, so that upon the 
passage of a current through the coil it will turn to enable 
the lines of force developed thereby to coincide in direction 
with those of the permanent magnet. A pointer attached to 
the coil projects over a scale so graduated that the deflection 
of the pointer as measured upon it gives the exact value of the 
current passing through the coil. 

THE DEVELOPMENT OF ALTERNATING 
CURRENT IN A DYNAMO 

205. Describe in detail how an alternating current of 
electricity is obtained from a dynamo. 

For the present a dynamo or electric generator may be con- 
sidered as being composed of two parts-^the field magnet and 
the armature, the former to provide magnetic lines of force 
and the latter to provide conductors suitably shaped for cut- 
ting these lines of force. In its simplest form the magnet 
is of the permanent two-pole type, and the armature a single 
coil of wire capable of revolving between the poles of the 
magnet. 

Suppose in Fig. 34 that N and 8 represent the respective 
north and south poles of the magnet. Also, that in the field 
of the magnet N 8, that is, in the air space between the poles, 
a loop of wire a be placed and the one end of the wire be 
soldered to a metallic ring c and the other end to a metallic 
ring e, each ring being insulated from the other and capable 
of revolving with the loop a; then when a is turned either by 
hand or by mechanical means the cutting of the lines of force 
by the wire will, through electromagnetic induction, develop 
an electromotive force or difference of potential between the 
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ends of the wire and consequently between the metallic rings 
c and e connected to them. 

If upon each of the collector rings c and e there is pressed 
a metallic strip called a brush, and the two brushes r and v 
be joined to separate wires t and d, then between these wires 
there will also be a difference of potential for the reasons 



Fig. 34. — Simplest Form of Field Magnet and Armature in a Dynamo. 

previously stated. This difference of potential will, if the 
wires t and d be connected either directly or by means of a 
third conductor, force a current of electricity through the 
closed circuit thus formed, proportional in value to the dif- 
ference of potential existing at the time. 

206. How can the variations of the difference of po- 
tential and current obtained in the case of Fig. 34 be best 
represented? 

The difference of potential and the current developed in a 
single loop will vary in value according to the position of this 
loop with respect to the poles N and 8. The change of value, 
however, will be gradual if the loop be revolved about its 
axis X y, and the variations can best be represented for either 
difference of potential or current by a curve such as ho ml, 
Fig. .35. 

In this illustration the distances along the line Jt I represent 
the angles which the plane of the loop a, Fig. 34, forms during 
its revolution about x 1/ as an axis, with its position shown in 
Fig. 34, and the vertical distances from A Z to any part of the 
curve represent the values of the electromotive force or cur- 
rent in the loop at any given position. Inasmuch as the values 
of the electromotive force, and therefore of the current, in 
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this case are proportional to the rate at which the loop during 
its travel cuts the lines of force in the field, the minimum 
values of these will occur when the sides of the loop are 
moving nearly parallel to the lines of force, as in the present 
position of the loop, and the maximum values will occur when 
the sides of the loop are moving directly across the lines of 




Fig. 36. — Curve showing Variation in Electromotive Force or Current 
during One Complete Revolution of the Armature. 

force, as would be the case when the loop is 90 degrees around 
from its present position. 

Commencing, therefore, at degrees on the line h I, Fig. 35, 
that is, with the loop a, Fig. 34, in the position shown, there 
will be no electromotive force developed. As the loop revolves, 
however, it cuts the lines of force at an increasing rate and 
the electromotive force increases proportionally, as shown by 
the curve, until the loop is one-quarter of the way around, 
or in its 90-degree position, where the cutting is a maximum. 
As the loop passes this point in its travel, the rate of cutting 
decreases for the next 90 degrees, and the curve in conse- 
quence takes a downward course, so that when the loop is 
one-half of the way around or at the 180-degree position, the 
electromotive force will again be zero. At this point, however, 
the magnetic conditions to which the revolving loop is sub- 
jected are reversed, causing thereby a change in the direction 
of the electromotive force ; if, therefore, the circuit including 
the loop be closed, a current will flow through this circuit 
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in the reverse direction to that in which it formerly flowed. 
The curve, to represent this change, crosses the zero line h I, 
and as the rate of cutting gradually increases in the reversed 
direction during the next 90 degrees, the distances between 
hi and the curve likewise increase below the zero line, until 
finally the maximum values are reached at m, with the loop 
three-quarters of the way around. The rate of cutting gradu- 
ally diminishes during the last quarter of the revolution, and 
the curve approaches the zero line preparatory to indicating 
a reversal of electromotive force or current at I for the next 
revolution of the coil. 

207. Define the terms "cycle" and "frequency," with 
reference to Fig. 35. 

It is evident, now, that the curve ho ml, Fig. 35, repre- 
sents the instantaneous values of electromotive force or cur- 
rent for each complete revolution of the loop a, Fig. 34 ; that 
is, it represents their values in the loop at different points in 
its travel through 360 degrees. This curve is, therefore, said 
to represent one complete ** cycle '' of alternating current, 
and this term is commonly used to express the ** frequency '' 
of an alternating current. Thus, if there be one pair of poles, 
as at N and 8 in Fig. 34, and the loop a makes one complete 
revolution per second, then the frequency of such a machine 
would be, as has just been shown, one cycle per second. The 
frequency is directly proportional to the number of pairs of 
poles and the speed of rotation, so that by doubling the number 
of poles or by doubling the speed of the loop, the frequency 
will be doubled. 

208. How closely do the conditions in Fig. 34 and Fig. 
35 represent alternating-current practice? 

The line ho ml shown in Fig. 35 represents the ideal shape 
of an alternating electromotive force or current curve. The 
exact form of an alternating electromotive force curve in any 
given alternating-current generator or alternator depends 
upon the design and construction of the machine, and the 
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exact form of an alternating-current curve depends upon the 
conditions of the circuit to which the current is supplied. 

For the sake of simplicity the most elementary type of 
dynamo has been chosen to illustrate the preceding principles. 
Such a machine could develop at best but a very low electro- 
motive force, it would have little output and the frequency 
would be very small. In the common types of alternators 
used in practice, therefore, where the electromotive forces 
range from 1,000 to 13,000 volts, the outputs from 30 to 
5,000 kilowatts, and the frequencies from 25 to 140 cycles 
per second, the higher electromotive forces are attained by 
increasing the number of turns of wire in the revolving loop, 
by increasing its speed of rotation and by strengthening the 
magnetic field; the greater outputs are attained by increas- 
ing the number of pairs of poles and the number of loops, 
the latter of which are composed of larger wire and are con- 
nected in multiple with the collector rings; the higher fre- 
quencies are attained by raising the speed of the revolving 
loop or loops, and by increasing the number of pairs of 
poles. 

209. What difference is there between single-phase, 
two-phase and three-phase alternators? 

The simple electric generator presented in Fig. 34 is capa- 
ble of delivering but a single alternating current and is there- 
fore called a single-phase alternator. By the addition of 
another loop 90 degrees around from the loop a and another 
set of collector rings electrically connected thereto, two alter- 
nating currents may simultaneously be taken from the ma- 
chine when in operation, on four wires which make contact 
with the four collector rings through four brushes. Each of 
the two currents may be represented by a curve similar to 
that in Fig. 35, but the maximum values of the one would 
occur 90 degrees in advance of those of the other. A machine 
thus constructed is termed a two-phase alternator. 

If there be three loops spaced 60 degrees apart, and these 
loops be connected together so that there are three leads from 
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the three loops with one loop between any two of the leads, 
and the leads be electrically connected to three collector rings 
well insulated from each other, then three alternating currents 
may simultaneously be taken from the machine when in oper- 
ation, on three wires which make contact with the three col- 
lector rings through three brushes. As in the previous case, 
each of the three currents may be represented by a curve sim- 
ilar to that in Fig. 35, but there will be a displacement of 
60 degrees between their respective maximum values. A ma- 
chine thus designed is called a three-phase alternator. In all 
modern three-phase alternators, however, the leads from one 
of the loops are reversed in making the connections so as to 
cause a displacement of 120 degrees, instead of 60 degrees, 
between the currents, and thus equalize the strengths of the 
currents in the three wires. Alternating-current generators 
of the two-phase and three-phase types are often called poly- 
phase alternators, and the currents developed therein are 
termed polyphase currents. 



DIRECT-CURRENT GENERATORS 

PRINCIPLES GOVERNING THEIR ACTION 

210. Describe the action of the commutator on a direct- 
current generator. 

In every direct-current generator the electromotive force 
and current induced in the loop, or loops, revolving in the 
magnetic field, are alternating, and it is only by virtue of a 
mechanical device called a commutator that the alternating 
current is changed into direct current before it leaves the 
machine. It is exceedingly important that the principle upon 
which the commutator operates be thoroughly understood. 




Fig. 36. — Elementary Form of Direct-Current Generator. 

and for the purpose of explaining its action reference will 
be made to Fig. 36. 

In Pig. 36 is presented in part a reproduction of Fig. 34 ; 
it will be noticed, however, that the brushes r and v, instead 
of making contact with two separate collector rings, as in 
the previous case, now press upon the opposite sides of a 
cylinder. The cylinder is the commutator, and it consists in 
this case of two circular copper bars or strips c and e, which 
are thoroughly insulated from each other, but electrically con- 
nected with the ends of the loop a. Twice during each com- 
plete revolution of the loop a it will be in a vertical position, 

and as has been previously shown current developed in a 

118 



DIRECT-CURRENT GENERATORS 119 

changes its direction of flow at these positions. If, therefore, 
just previous to the loop a reaching its vertical position, the 
direction of the current through it be represented by the 
arrows, then when the loop, continuing on its course, passes 
its vertical position, the current developed will flow in the 
opposite direction to that indicated by the arrows. It will 
be noticed, however, that each of the brushes at the vertical 
positions of the loop changes contact from one of the com- 
mutator bars to the other, so that, although the direction of 
the current in the loop is reversed at these positions, its flow 
through the brushes and through the outside connecting cir- 
cuit is maintained in one direction; there is, therefore, sup- 
plied to the outside circuit a direct current. 

211. Show by means of curves the effect produced by 
the commutator. 

The effect of commutating the current is clearly shown in 
Fig. 37, where the full-line curve aces represents the varia- 
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Fig. 37. — Current Curves Showing Action of Commutator. 

tions of the alternating current in the loop a, Fig. 36, during 
two complete revolutions. As has already been shown, the 
brushes change contact with the commutator bars at the 
instant the current induced in the loop is reversing its direc- 
tion; that is, at the instant the full-line curve in Fig. 37 
crosses the zero line m n. The effect of the action in reversing 
a reversed current is the same as that of using two negatives, 
namely, a positive result, and this is indicated in Fig. 37 by 
the broken-line curves 6 and d, which are simply the portions 
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c and s reversed. The curve ab ed, considered as a whole, 
consequently lies entirely above the zero line m n, and every 
point on it has a positive value ; this curve, therefore, repre- 
sents a direct current. 

212. How is the direct current developed in a generator 
made to maintain a practically constant value? 

It is evident from the shape of the curve abed, Fig. 37, 
that the direct current thus represented is not uniform or 
constant; that is to say, it varies in strength, and for com- 
mercial purposes of any nature this feature would be exceed- 
ingly objectionable. The remedy consists in providing a 
greater number of loops in the revolving part of the generator, 
and having the terminals of each loop connected to two com- 
mutator bars in the same manner as has been shown in Fig. 
36. Each loop, as well as its respective commutator bars, must 
be well insulated from the others. 

The commutator bars are best mounted side by side with 
insulation between them, so as to form a cylinder upon 
which press the brushes. The width of each of the bars is 
the same and is governed by the diameter allowed for the 
commutator and by the number of loops, each loop requiring 
two commutator bars. The lengths of the bars are also equal, 
and this dimension is governed by the number of amperes gen- 
erated and the width of each bar. 

213. Show by means of curves the effect produced by 
increasing the number of loops. 

The effect produced when a second loop of wire with its 
respective commutator bars is mounted at right angles to 
the loop a and commutator bars c and e, Pig. 36, and both are 
rotated between the poles N and S, will first be considered. 
Since each loop and its corresponding commutator bars are 
insulated from the others, they are perfectly independent of 
each other, and as each loop is subjected to the same condi- 
tions there will be developed in each of them, during any two 
complete revolutions, a current whose variations are the same 
as those shown in the curve aces, Pig. 37. Owing to the 
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two loops being mounted at right angles to each other, how- 
ever, the curve depicting the conditions existing in one loop 
will not, although identical in shape, coincide with the other, 
but be displaced 90 degrees, as shown in Fig. 38. In this illus- 
tration the curve aces represents the current developed in 
the loop a, Fig. 36, while the curve tvho represents the cur- 
rent developed in the new loop introduced. There being a 
displacement, or difference of phase, as it is called, of 90 
degrees between the two currents, the maximum values of the 
one occur at the same instant as the minimum values of the 
other, and vice versa, so that these two curves in Fig. 38 are 




Fig. 38. — Illustrating the Effect produced in Electromotive Force or 
Current by increasing the Number of Loops and Commutator Bars in the 
Armature. 



a representation of the two-phase current previously defined 
in Answer 209. 

It has already been shown how, by the action of the com- 
mutator, that portion of the curve aces lying below the zero 
line m ti is rectified and caused to occupy the position directly 
above, as shown by the dotted lines k and b, Fig. 38. By the 
same process that portion of the curve tvho, lying below the 
zero line m n, is also rectified and caused to occupy a similar 
position above, as indicated by dotted lines I and d in Fig. 38. 
The variations of the current in the outside connecting circuit 
are those represented by the curve formed by the summits 
atklehbd, and it is evident that the direct current thus 
represented varies less, or, in other words, is more steady or 
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constant than that represented by the curve ahedm Fig. 37, 
where but a single loop was employed. 

In like manner the addition of other loops, with their re- 
spective commutator bars, will each tend to increase the num- 
ber of summits forming the curve, until the latter becomes a 
straight line at the top and represents, in consequence, a 
direct current of constant value. This being the result sought, 
commercial direct-current generators are built with many 
loops and a corresponding large number of bars in the 
commutator. 

214. How closely do the conditions that have here been 
used to illustrate the principles of direct-current generators 
represent direct-current practice? 

For presenting the principles of direct-current generators, 
the simplest form of this type of machine was taken for the 
same reason that the most elementary type of alternator was 
chosen for illustrating the principles of alternating-current 
generators, namely, to present the matter in as plain a man- 
ner as possible. As in the previous case, a direct-current 
generator of the simple construction here shown would be 
extremely inadequate to be used commercially, for in direct- 
current practice the electromotive forces usually range from 
110 volts to 750 volts, and the outputs between 1.5 kilowatts 
and 300 kilowatts. Owing to the similarity of electric gen- 
erators, the same factors that determine the electromotive 
force developed in an alternating-current generator also de- 
termine the electromotive force developed in a direct-current 
generator, so that if in the latter machine the number of 
turns of wire in each revolving loop be increased, or if the 
speed of rotation be raised, or if the magnetic field be further 
strengthened, the number of volts developed will be increased 
in proportion. 

For the same reason, the factors that determine the am- 
peres of current developed in an alternating-current gen- 
erator are also those that determine the amperes of current 
developed in a direct-current generator, so that by increasing 



DIRECT-CURRENT GENERATORS 123 

the number of pairs of poles, by employing more revolving 
loops of wire, and by reducing the resistance of the loops by 
forming them of larger wire and connecting them in multiple 
with the commutator bars, the output of a direct-current 
generator may be increased. 

Owing to difficulties encountered in securing proper in- 
sulation at the commutator, the limiting maximum value of 
direct-current electromotive force is low, as compared with 
that of alternating electromotive force; and for a similar 
reason the limiting output of a direct-current generator is 
far below that of an alternating-current generator. These 
statements will be substantiated by a comparison of the 
corresponding figures given in Answers 208 and 214, represent- 
ing these quantities. 

215. May a dynamo be properly regarded as a source of 
energy? 

No; a dynamo does not create the energy which is taken 
from it in the form of current. It is simply a machine by 
means of which mechanical energy is transformed into elec- 
trical energy. The mechanical energy is necessary to rotate 
the loops of wire and the commutator, which together con- 
stitute the armature, in the magnetic field, and the power 
thus expended is always greater than that which it is pos- 
sible to obtain from the generator in the form of electrical 
energy. The diiference between the two quantities depends 
upon the losses in the generator, and when these losses 
are small the efficiency of the machine is high, and vice versa; 
that is, the efficiency, or the ratio of the electrical power gen- 
erated to the mechanical power applied, is inversely propor- 
tional to the losses within the generator. 

216. Classify and proportion the losses occurring in the 
average type of dynamo. 

The losses may be classified and proportioned as follows: 
Friction of bearings and belt, constant at 2 per cent.; fric- 
tion of the brushes, constant at 0.5 per cent.; friction of the 
air, constant at 0.5 per cent.; eddy current loss, constant at 



124 ELECTRICAL CATECHISM 

1.5 per cent. ; hyteresis loss, constant at 1.5 per cent. ; resist- 
ance loss in armature, variable, but at full load 2 per cent. ; 
resistance loss in field winding, constant at 2 per cent, in 
shunt-wound generators. The sum of these various losses 
amounts to 10 per cent., so that the efficiency of such a gen- 
erator at full load would be 100 per cent, minus 10 per cent., 
or 90 per cent. This signifies, therefore, that but 90 per cent, 
of the mechanical power applied to the shaft of the average 
dynamo is converted into electrical power available for use 
in the outside connecting circuit. 

217. Why is an electromagnet preferable to a permanent 
magnet for establishing the field of a dynamo? 

The function of the field magnet in providing lines of mag- 
netic force to be cut by the armature loops could, in many 
dynamos, be performed by a permanent magnet were it prop- 
erly designed; but in commercial generators it is customary 
to control the voltage developed by varying the number of 
lines of force in the field. To do this with a permanent mag- 
net is practically impossible, and, furthermore, all permanent 
magnets, notwithstanding their name, become weakened after 
a few years' usage, so that, except in certain small machines, 
such as magneto generators, toy dynamos, etc., the field must 
necessarily be established by means of electromagnets. . 

218. Illustrate and describe the general construction of 
field magnets. 

Field magnets may be said to consist of two general parts — 
the cores and the windings. The cores of field magnets are 
made of soft iron, usually in the shapes shown in Pig. 39, and 
are wound around with insulated copper wire, as there indi- 
cated in section by the dots. By varying the current pass- 
ing through this wire, the strength of the field and therefore 
the voltage developed by the generator are under perfect 
control. 

In order to best distribute the lines of force through the 
armature, it is necessary that the north and south poles of 
the field magnet alternate with each other, so each adjacent 
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pole is wound in the reverse direction to the one~ preceding 
it. The separate windings of the poles are then joined in 
series with each other and the two terminals of this winding, 
considered as a whole, are connected to a source of current. 
The current used may be generated in the machine itself, or 
it may be obtained from an independent generator; in the 
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Fig. 39. — Typical Forms of Field Magnets. 

former case the field is said to be self -excited, and in the latter 
case separately excited. 

219. In a self-excited generator, how can a current be 
produced by means of an electromagnet and the electro- 
magnet be excited by means of the current thus produced? 

This action is brought about by virtue of residual mag- 
netism, or the power possessed by iron of retaining a portion 
of the magnetism developed by a current after this current 
has ceased to pass through the winding of the magnet. The 
field, therefore, has a few lines of force passing through it, 
due to residual magnetism, when the armature is first started 
to rotate. These few lines of force being cut by the armature 
coils develop in them a low electromotive force, and this 
being supplied to the field-magnet winding causes a current 
to pass through it, which in turn develops more lines of force 
in the field, and in consequence a higher electromotive force. 
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In this manner the field and the electromotive force are each 
alternately increased in strength until normal conditions are 
obtained and the machine is developing a constant voltage. 

220. Are all self-excited generators arranged the same? 
No, self -excited generators may have their field magnets 

series wound, shunt wound or compound wound, and accord- 
ing to their winding are called series generators, shunt gen- 
erators or compound generators. 

SERIES GENERATORS 

221. Illustrate and describe a series generator. 

In a series generator all the current that is produced by 
the armature passes through the field-magnet winding, which 
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Fig. 40. — Series Generator. 

latter must therefore be in series with the outside circuit. 
For regulating the voltage of a series generator, it is cus- 
tomary to connect an adjustable resistance, called a rheostat 
(see Fig. 269), across the entire, field- winding ; by varying 
the resistance thus introduced, more or less current is shunted 
from the field coils and the number of lines of force in the 
field thereby changed. 

In Fig. 40 are indicated the principal features of a two- 
pole machine of the series type. The parts N and 8 are of 
iron and are called the pole pieces, the letters representing 
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the respective north and south poles of the magnet; a and c 
are called the limbs or cores of the magnet, and it is upon 
these that the field coils r and v are wound in reversed direc- 
tions, as indicated. Joining the cores a and c is the iron yoke 
m, and between the pole pieces revolves the armature t. By- 
means of the brushes d and h, which press upon the com- 
mutator b, the current developed in the armature is led around 
the field coils, as indicated by the arrows, and after passing 
through the outside connecting circuit I returns to the arma- 
ture. If a rheostat were used for controlling the voltage, 
as previously mentioned, it would be connected in circuit at 
e and u, so that the current would divide itself between the 
field winding and the rheostat. 

222. How is the actual performance of a generator best 
represented? 

The performance of a generator under an increase of load 
or current depends primarily upon which of the three previ- 
ously mentioned classes of self -excited machines it belongs 
to, and the general results that may be expected in each of 
these cases are best represented by means of a characteristic 
curve. 

223. Explain how a characteristic curve of a generator 
is obtained? 

A characteristic curve, irrespective of the type of generator 
from which it is derived, is obtained by running the gen- 
erator at its normal speed, which is maintained constant, and 
by varying the resistance in the outside connecting circuit, 
so as to secure diiferent values of the current in the circuit, 
together with the corresponding electromotive forces across 
the terminals of the machine. 

The values of electromotive force for currents ranging from 
zero to a maximum are plotted on co-ordinate paper and 
determine by their positions the direction of a curve which,' 
although technically termed a characteristic curve, might 
with equal propriety be referred to in the language of the 



♦ 



128 ELECTRICAL CATECHISM 

steam engineer as the '' indicator diagram " of the gen- 
erator. 

224. Illustrate and explain the usual form of character- 
istic curve obtained from a series generator. 

The usual form of characteristic curve obtained from a 
series generator is shown in Fig. 41, the electromotive forces 
in volts forming the vertical scale of ordinates and the cur- 
rents in amperes constituting the horizontal scale of abscissae. 
Commencing with no load or amperes — that is, with the out- 
side connecting circuit open — the reading on the curve from 
the vertical scale is seen to be about 3 volts. At first thought 
one would suppose that since the outside circuit is open 
there would be no current through the field coils, and, con- 
sequently, no voltage at this point, but if the reader bears 
in mind what has previously been mentioned about residual 
magnetism he can easily account for the 3 volts. 

A further investigation of Fig. 41 shows the first part of 
the curve to be nearly a straight line representing a propor- 
tional increase of voltage with increase of current, but after 
a certain current is reached (about 18 amperes for the series 
generator here depicted), the curve flattens and takes a down- 
ward direction. This turning point J. occurs in the charac- 
teristic curves of all series generators and denotes the stage 
at which the iron field cores become so saturated with lines 
of force that they will not readily allow more to pass through 
them ; it is technically known as the point of saturation, and 
the current corresponding is called the critical current of the 
generator. 

225. What significance is attached to the point of sat- 
uration and critical current of a series generator? 

The point of saturation in any given series machine is gov- 
erned by the amount of iron in the magnetic circuit ; its posi- 
tion in the curve, therefore, varies according to the design 
of the generator, as does also the critical current. The value 
of the latter is important, inasmuch as the valuable features 
of a series generator assert themselves only when the machine 
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is supplying a greater number of amperes than that of the 
critical current, for if the series generator be worked along 
that part of the curve to the right of the point of saturation 
it becomes nearly self -regulating as regards current, because 
as the current increases the voltage drops. Thus, if the re- 
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Fig. 41. — Character iatie Curve of Series Generator. 

sistance of a circuit supplied by a series generator be increased, 
the current will be diminished, but if the machine be working 
at the proper part of the curve it is seen that under these 
conditions the voltage will rise and so force more current 
through the circuit. Therefore, where a constant current is 
required, as in certain types of arc lamps, etc., a series gen- 
erator meets the conditions very satisfactorily, if operated 
beyond its point of saturation. 
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SHUNT GENERATORS 

226. Illustrate and describe a shunt generator. 

In a shunt generator the field winding is connected in 
multiple with the outside connecting circuit, so that when 
the outside circuit is open the field magnet coils receive the 
entire current supplied by the armature, but when it is closed 
the current through the field circuit depends upon the resist- 
ance of the field circuit as compared with that of the outside 
connecting circuit. By connecting a rheostat or adjustable 




Fig. 42. — Shunt Generator. 

resistance in series with the field winding, a greater or less 
amount of current may be permitted to pass through the 
magnet coils at any one time and the voltage of the machine 
is thereby controlled. 

In Fig. 42 are indicated the principal features of a simple 
machine of this type. The shunt field coils a and c are of 
much smaller wire than that composing the field coils of the 
series generator, but there are many more turns. The field 
winding has therefore a high resistance and allows the passage 
of but 2 or 3 per cent, of the total current generated. As 
in the diagram of the series generator, I denotes the outside 
connecting circuit, and the direction of the current is repre- 
sented by the arrows. 
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227. At what point is the field rheostat for controlling 
the voltage usually introduced? 

The field rheostat is generally connected in circuit at e, 
Fig. 42, the circuit being opened at this point and the two 
wires inserted in the binding posts of the rheostat. 

328. Illustrate and explain the usual form of character- 
istic curve obtained from a shunt generator. 

The usual form of characteristic curve obtained from a 
shunt generator is shown in Fi^. 43. Unlike the series gen- 



Ampere* 
Fig. 43. — CharaeteriHtie Curve of Shunt Generator. 

erator, this machine gives its maximum voltage when the rut- 
side connecting circuit is open. Starting under these condi- 
tions, therefore, the curve in Fig. 43 commences at C, showirg 
110 volts with amperes. Increasing the current in the c t- 
side circuit causes the voltage to drop, first slightly and 
then rapidly, until the point S is reached, when any further 
lowering of resistance in the outside connecting circuit causes 
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a rapid decline in the voltage and afterward of the current, 
as shown by the dotted portion of the ciirve, until both volt- 
age and current become approximately zero. 

Usually, a very slight current results, even when the 
terminals of the machine are short-circuited, due to residual 
magnetism in the pole pieces, so that the dotted portion of 
the curve generally terminates not exactly at zero, but at 
a point some distance along the current line. The working 
portion of the curve is from C to S, at which time the machine 
is supplying a fairly constant voltage. The shunt generator 
is, therefore, best adapted for constant potential work, such 
as lighting and power service. 

COMPOUND GENERATORS 

229. Explain the action of the field windings on a 
compound-wound generator. 

The characteristic curves show that in a generator with a 
series-field winding an increase of current in the connecting 
circuit, such as would result from lowering the resistance of 
the circuit, causes the machine to develop a higher voltage, or 
produce what is known as a rising characteristic ; whereas in a 
generator with a shunt-field winding conditions producing an 
increase of current in the outside connecting circuit tend to 
reduce the voltage or give a falling characteristic. In a 
compound-wound generator there are both a series-field wind- 
ing and a shunt-field winding acting simultaneously, and 
the ampere-turns in the one are so proportioned to those in the 
other that the load or current conditions in the outside con- 
necting circuit which would cause the one winding to pro- 
duce a low pressure will at the same time cause the other 
winding to produce a high pressure, and vice versa. The 
combined result of the two field windings is, therefore, to 
supply a practically constant pressure at all loads. 

230. Into what two classes may the field windings of 
compound- wound generators be divided? 

Into short-shunt compound windings and long-shunt com- 
pound windings. 



DIRECT-CURRENT GENERATORS 



133 



231. Illustrate and describe a compound generator with 
a short-shunt winding. 

A compound generator with a short-shunt winding is shown 
in Fig. 44. The series field winding a c, as in the series gen- 
erator previously presented, is composed of a few turns of 
heavy wire in series with the outside connecting circuit I. 
The fine-wire shunt winding u v is composed of many more 
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Fig. 44. — Compound Generator with Short-Shunt Field. 

turns than the series winding, and is joined directly to the 
two brushes d and h. The adjustable rheostats for pressure 
regulation would, as in the corresponding separate cases al- 
ready considered, be connected for the series field winding 
between the points e and m, and for the shunt field winding at 
some convenient point, as at z. 

232. What sort of rheostats or resistances are used for 
the series and shunt fields of a compound generator? 

It is common practice in compound-wound machines to use 
flat strips of German silver across the series field, the number 
and cross-section of these strips being such that their tem- 
perature under normal conditions will not exceed 30 degrees 
Centigrade above that of the atmosphere, and their length 
such as to enable the series field to produce the desired volt- 
ages at the different percentages of full load. As both these 
conditions in any given generator may usually be satisfied 
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by a constant resistance, the strips are made up to be used 
as a whole without necessitating adjustments. 

The resistance used in the shunt field, however, must be of 
the usual hand adjustable type shown in Pig. 269 to main- 
tain a constant pressure under variations in the speed of the 
armature, or in the load on the outside connecting circuit. 

233. Illustrate and describe a compound generator with 
a long-shunt winding. 

A compound generator with a long-shunt field winding is 
shown in Pig, 45. It differs from the short-shunt field winding 
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Fig. 45. — Compound Generator with Long-Shunt Field. 

in that the shunt winding uv here includes the series field 
winding a c, being connected to the terminals r and m of 
the machine, instead of to the terminals or brushes d and ft. 
In this arrangement all the current that passes through the 
shunt field winding must necessarily pass through the series 
field winding. 

234. For what kind of work is the short-shunt com- 
pound field winding preferable to the long-shunt compound 
field winding? 

Where the load in the armature circuit varies considerably 
from time to time, rendering it necessary to frequently change 
the strength of the field' in order to maintain the proper 
voltage, the short-shunt method is the better, because a varia- 
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tion of the adjustable resistance s, Fig. 44, in the shimt field 
winding then exerts a more pronounced effect on the strength 
of the field than it would were the series field winding and 
its regulating resistance also in circuit. 

235. For what kind of work is the long-shunt compound 
field winding preferable to the short-shunt compound field 
winding ? 

Where the generator is carrying a practically constant load 
requiring little if any variation of pressure, then the long- 
shunt method is preferable, because in this arrangement the 
current through the shunt coils is steadied by its p^sage 
through the series coils and their regulating resistance, ren- 
dering it still more capable of maintaining a uniform pressure. 

336. Illustrate and explain the usual form of character- 
istic curve obtained from a compound generator. 

The characteristic curve obtained from a compound gener- 
ator is practically the same whether, a short-shunt field wind- 
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Pig. 46. — Characteriatie Curve of Compound Generator. 

ing or a long-shunt field winding is employed. In Pig. 46 
a characteristic curve of a compound-wound generator is 
shown. The machine from which this curve was obtained 
had its series and shunt field coils so proportioned as to pro- 
duce practically a constant pressure of 110 volts at all loads — 
that is, between no load or ampere and full load or 80 



The ideal characteristic curve representing absolutely con- 
stant voltage at and between these points would, of course. 
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be a straight line extending from the 110-volt point parallel 
to the base line, but the actual curve departs from the ideal 
conditions represented by the dotted line, but slightly, and 
represents suEBeiently constant pressure for all commercial 
purposes. 

237. Illustrate and explain the usualform of character- 
istic curve obtained bom an over-compounded generator. 

The characteristic curve shown in Fig. 47 was obtained 
from an over- compounded generator — that is, from a com- 
pound-wound machine designed to supply a higher pressure 
at full load than at no load. Thus, it is seen from this curve 
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Fig. 47. — Characteristic Curve of Ovpr-Compounded Generator, 
that at no load the pressure across the terminals of the ma- 
chine was 118 volts, while at full load or 80 amperes the 
pressure was 123 volts. The amount of over-compounding 
in this case was, therefore, 5 volts, but even 10 volts is not 
an uncommon figure. 

As in the previous case, the actual curve departs from the 
ideal but slightly, the latter for this machine being a straight 
line, as shown dotted, joining the extremities of the curve. 

From what has already been stated, it is evident that over- 
compounding is brought about by increasing the number of 
turns in the series winding relatively to those in the shunt 
winding; the practice of thus compensating for the drop in 
pressure due to line resistance is a common one in long 
distance direct-current transmission. 
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SPARKING 

238. Which is the most common of all troubles asso- 
ciated with direct-current generators? 

Sparking at the commutator. All machines provided with 
commutators suffer more or less in this respect, and as the 
causes that produce sparking vary considerably in the various 
types of direct-current generators it is not always a simple 
matter to locate and remedy them. 

239. Why is sparking at the commutator an objection- 
able feature? 

Because it tends to injure the brushes and the commutator 

by burning and charring them ; it also produces abnormally 

high temperature and impairs the regulation of the machine. 

240. Do generators spark constantly? 

Most direct-current generators are sufficiently well designed 
to run without sparking at their rated full load. At 50 per 
cent, overload, however, they usually show some slight spa'rk- 
ing, and at double their rated full load a considerable amount 
of sparking. 

241. How can sparking due to excessive loads be recog- 
nized as such? 

Either excessive voltage or abnormally high current can at 
once be detected on the measuring instruments — that is, on 
the voltmeter or ammeter, and the remedy for sparking thus 
caused consists, of course, in reducing either the voltage or 
current to its normal value. 

242. Is not sparking often caused by a rough or uneven 
commutator? 

A rough or uneven commutator invariably causes spark- 
ing ; and this defect is of a sufficiently serious nature to merit 
immediate attention. 

243. How may sparking due to a rough commutator be 
detected and remedied? 

A rough commutator may be detected by a close inspection 
of its surface, while stationary. Eubbing the hand over it 
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will quickly afford the required information, and if it be 
found rough, the use of sandpaper is recommended. This 
should be applied to the commutator by the aid of a block 
of wood hollowed out to conform to the curvature of the 
commutator, and in which the sandpaper is placed. The com- 
mutator should be rotated at a moderate speed while the 
sandpaper is thus pressed against it. If the surface is very 
rough a coarse grade of sandpaper should first be used, fol- 
lowed by a finer grade in finishing ; otherwise, fine sandpaper 
should be used throughout the smoothing process. Emery 
cloth should not be used for smoothing the commutator under 
any circumstances. 

Sometimes sparking is due to the mica insulation between 
the copper bars of the commutator not wearing at the same 
rate as the copper. The insulation then projects above the 
bars, so that the brushes cannot remain in close contact with 
the commutator, and sparking will invariably ensue. In such 
a case the projecting mica must be cut down to a level with 
the bars. 

244. What is the remedy for an uneven commutator? 
An uneven . commutator is caused by some of the bars 

wearing more than others, owing to a difference in the hard- 
ness of the copper of which they are made. If this trouble 
is very noticeable, the commutator must be turned down. 

245. How may roughness of the commutator be pre- 
vented? 

Eoughness of the commutator may be prevented to a con- 
siderable extent by providing the armature with sufiicient 
end-play so that it has a slight motion, say a sixteenth or 
an eighth of an inch back and forth in the bearings; this 
motion prevents the brushes bearing on the same part of 
the commutator continuously. Usually, if the shoulders on 
the armature shaft be properly spaced to allow for end-play, 
the backward and forward motion will be automatically im- 
parted to the armature, although there are on the market 
mechanical oscillators intended for this purpose. 
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Machine oil and vaseline are often used on rough com- 
mutators to ameliorate conditions. If either of these be ap- 
plied occasionally in very small quantities the results are 
beneficial. The best way to apply these lubricants is by 
means of a cloth on which the oil or vaseline is placed, the 
cloth being moved slowly across the surface of the com- 
mutator while it is in motion. If too much oil or vaseline 
is used on the commutator, both brushes and commutator 
are liable to become dirty because the conditions are favorable 
for the accumulation of dust, and this results in poor contact 
between them. A commutator in perfect condition usually 
takes on a dull glaze of a bronze or brownish color, rather 
than a bright or scraped appearance. 

246. What effect does the condition of the brushes have 
upon sparking? 

If the brush faces make poor contact, owing to their being 
improperly trimmed or set with respect to the commutator, 
or on account of there being dirt on their surfaces of contact, 
sparking is liable to ensue. Hard spots in carbon brushes 
also cause sparking, by not wearing so as to allow all points 
on the faces of the brushes to touch the commutator. An 
insufiicient pressure of the brushes upon the commutator, 
or a brush of very high resistance, are other causes tending 
to produce sparking. 

247.. State how brushes may be properly trimmed. 

The trimming of a brush to make it conform to the surface 
of the commutator is, in the case of copper brushes, best 
accomplished by means of a brush jig. This consists of a 
frame in which the brush is securely held while its end 
projects through a slanting surface. The end of the brush, 
when filed down even with this surface, has the proper shape, 
and is therefore correctly trimmed. 

With carbon brushes the trimming process consists, first, 
in giving their contact surfaces a rough shaping by 
fastening a band of coarse sandpaper around the commu- 
tator and slowly revolving the armature while the brushes 
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are preBsing upon the sandpaper. Then the coarse sand- 
paper is removed, and a short strip of a finer grade of 
sandpaper is pulled back and forth by hand between the 
commutator and each brush separately, as shown in Fig. 48. 

248. How should the brushes be given their proper posi- 
tion around the commutator? 

The proper position of the brushes around the commutator 
can best be found with reference to their sparking condition. 



Pig. 48. — Method of Sandpapering Carbon BruBhcB. 

If the brushes be shifted too far in one direction there will 
be sparking, and if they be shifted too far in the opposite 
direction there will also be sparking; their proper location, 
therefore, lies midway between these two positions, and by 
turning the rocker arm to which the brushes are mounted, 
so as to bring them into this intermediate position, they all 
may properly be placed simultaneously. 

If, in a two-pole machine, the brushes are not exactly op- 
posite, or if, in a four-pole machine, they are not 90 degrees 
apart, they should be set so. A convenient way of testing 
for the proper distance apart consists in counting the com- 
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mutator bars between them, although the peripheral distances 
may be measured by means of a string or tape. It is also 
necessary that the brushes on each stud be in line with each 
other. If they are not in line, the set of brushes may cover 
too much of the commutator to permit sparkless operation. 

249. Which is the best way of cleaning the brushes? 
By means of an oily rag or by the use of benzine. 

250. Is there any remedy for a carbon brush in which 
there are hard spots, or for a carbon brush of abnormally 
high resistance? 

No; brushes having either of these defects should be re- 
placed by new ones. A brush with hard spots may be de- 
tected from the appearance of its contact surface, which will 
show that it touches the commutator at but one or two points. 
A brush of high resistance -^an be detected by its high tem- 
perature while in service, or by measurements. 

251. How much pressure should a brush exert upon the 
commutator? 

The pressure should be sufficient to insure a good electrical 
contact and yet not enough to develop an appreciable amount 
of heat by friction. A pressure of about 1^ pounds per 
square inch of contact surface has been found to be sufficient 
for carbon brushes. 

252. What is the best way to determine the pressure 
of a brush upon the commutator? 

By means of a spring balance, hooked to the brush and held 
in line with it but perpendicular to the surface of the com- 
mutator, as shown in Fig. 49. The reading on the balance 
d, when exerting a sufficient pull to just raise the brush e 
from the surface a of the commutator, is the total pressure; 
dividing this by the brush contact area will give the pressure 
per square inch. By adjusting the tension screw s of the 
brush holder c, the pressure per square inch may be varied 
until the proper amount has been obtained. 
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253. State how a short-circuited or a reversed armature 
coil which produces sparking may be detected and remedied. 

A generator with a short-circuited or a reversed coil in the 
armature cannot easily be brought up to its rated voltage 
while delivering a normal current. This diflSculty, together 




Fig. 49. — ^Measuring Pressure of Brush on Commutator. 

with the fact that the defective coil if short-circuited will 
become considerably warmer than the others, and the in- 
creased amount of power necessary to run the generator even 
without load, furnish a means of detecting this trouble. A run 
under full load for only a few minutes is sufficient to heat 
up a short-circuited coil so that it is noticeable to the sense 
of feeling. If run thus for a considerable time, the excessive 
current developed in a short-circuited coil will be very liable 
to burn it out entirely. The generator must, therefore, be 
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stopped at the first intimation that a short-circuit exists in 
the armature. If it is impossible to locate the short-circuited 
coil by the sense of feeling, it can easily be found by sending 
a normal current through the armature and measuring the 
drop in voltage or difference of potential across each coil. 
Unless one or more of the coils are short-circuited, the 
** drops '' should be practically equal. 

As a short-circuit in the armature is usually due to solder 
or some conducting foreign matter, such as carbon or copper 
dust from the brushes getting between the commutator bars 
or between their connections with the armature coils, the 
remedy is usually of a simple nature, consisting merely in 
removing the offending particles. In some cases, however, the 
insulation between the commutator bars becomes carbonized 
by excessive and continued heat, thus causing a leakage of 
current which gradually increases until a heavy load is being 
uselessly carried by the generator. As a rule, the insulation 
is carbonized at the surface only, and the trouble can be 
removed by turning off the commutator in a lathe. 

In cases where the short-circuit is in the coil itself, the 
remedy consists in replacing the coil with one thoroughly 
insulated. This is a comparatively simple matter if the 
armature is wound with formed coils, but if it is not thus 
constructed, the entire armature may have to be removed. 
If the trouble is caused by a reversed coil, transposing its 
connections with the commutator bars or with the leads run- 
ning thereto will be all that is necessary to correct the trouble. 

254. Explain how a grounded armature may prodilce 
sparking. 

In order that sparking be caused by a grounded armature 
there must be two grounds or unintentional connections be- 
tween the armature winding and the iron core, shaft, or 
spider on which the armature is mounted. If there were but 
a single ground between these parts, no sparking would 
result, because there would be no complete path formed for 
the current, but with two grounds there would be a complete 
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path for the current and the effect would be the same as 
that of a short-circuit in the armature ; sparking would there- 
fore result, on account of the excessive load carried. 

255. How may a grounded armature be detected and 
remedied? 

A test of the insulation resistance of the armature con- 
ductors with respect to the iron portion of the machine would 
be the most direct way of detecting this trouble. A magneto 
testing set such as described in Answer 506, with one terminal 
in contact with an armature wire and the other terminal in 
contact with the frame of the machine, would ring upon the 
turning of its crank if the armature was grounded at one 
or more places. The drop of potential method described in 
Answer 253 for detecting a short-circuited armature coil will 
show if the armature is grounded in two places. The remedy 
for a grounded armature consists in replacing the defective 
coil or coils with others having perfect insulation. 

256. What indications point to sparking being caused 
by a broken circuit in the armature? 

If one of the commutator bars is badly burnt it is an 
indication that there is an open circuit near it. The sparking 
in this case will generally be of a violent nature, partaking 
rather of flashes than sparks. The test for an open circuit in 
the armature may be made with a magneto testing set, or 
by means of the drop of potential method previously explained. 
In many instances of this kind a test is not necessary, as 
the trouble may be due to one of the armature conductors or 
leads breaking loose from a commutator bar, in which case 
the trouble can easily be seen from an examination of the 
armature. 

257. How may an open circuit in the armature be per- 
manently or temporarily remedied? 

If the generator can be cut out of service until a perma- 
nent remedy is effected, it is advisable in all cases to do so. 
Then, if the trouble is in the armature coil itself, it may 
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be rewound; or if in the connection between the armature 
winding and commutator, it may be remedied by soldering 
or screwing the loose conductor in place. In emergencies, 
however, where the defect cannot at once be remedied, and 
it is impossible to shut down the generator for any length of 
time, then, in the case of a broken commutator connection, 
the disconnected bar may temporarily be joined to an ad- 
jacent one by soldering or forcing together the copper across 
the mica insulation at the end of the commutator. 

Another makeshift is to stagger the brushes so that in each 
set one of them projects a little beyond the others, thereby 
bridging the gap between the disconnected bar and the 
adjacent ones when this portion of the commutator passes 
under the brushes. When the break is in the coil itself, tem- 
porary remedies of the same nature as those just mentioned 
may be employed to bridge together the two commutator bars 
between which the open circuit exists, or the terminals of 
the armature winding which connect with these bars may be 
joined together instead. 

258. State how sparking caused by a weak magnetic 
field may be detected and remedied. 

With a weak field, the magnetism developed by the arma- 
ture current becomes relatively strong and shifts the point 
of minimum sparking from its normal position, and as the 
brushes remain stationary, sparking results. The weakness 
of the field may be caused by too small a field current, by 
a reversed connection of a field coil causing it to oppose the 
others, or by an improper connection of the series field on a 
compound-wound generator with respect to the shunt field, 
causing the series coils to lower the voltage with increase of 
load instead of raising it. 

The improper connection of the individual coils with respect 
to each other may be detected by holding a compass needle 
near the poles of the field magnets while the field current is 
passing through the set of magnet coils undergoing test. In 
thus passing the compass needle from pole to pole in succes- 
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sion around the machine, the north and south poles of the 
needle should be attracted alternately to the pole-pieces. The 
proper or improper connections of the series coils on a com- 
pound-wound generator with respect to the shunt coils may be 
ascertained by noting if the current passes through both sets 
in the same direction; this it should do in order to produce 
the proper results. 

The remedy for a weak field caused by too small a field 
current depends, of course, on its cause. If cutting out resist- 
ance in the field rheostat fails to produce this desired result 
and it be known that the field coils are properly connected, 
the resistance of the field coils may have to be reduced by 
unwinding a few layers of wire from each of them or by 
substituting other coils. A weak field caused by an improper 
connection of the field coils requires only the reversal of the 
connecting leads. 

259. In what way do vibrations cause sparking, and 
how may they be alleviated or removed? 

Vibrations of the machine resulting from a poorly balanced 
armature or pulley, a defective belt, or an unstable founda- 
tion, cause the brushes to make poor contact with the com- 
mutator and produce sparking. While sparking due to vibra- 
tions of the machine may be alleviated by giving the brushes 
a greater pressure on the commutator, the increased friction 
resulting will develop trouble from another source — ^heating. 

If a poorly balanced armature or pulley is responsible for 
the vibrations, a change of speed will produce a great change 
in the vibrations ; so much so that at certain speeds the vibra- 
tions will almost entirely disappear. Having thus located the 
trouble, the armature should be removed from the machine 
and tested upon two knife-edge or A-shaped iron rails placed 
horizontally and parallel to each other at a sufficient distance 
apart to support the ends of the armature shaft with the 
armature body between them. During this test the pulley 
should be removed from the shaft, and afterward tested in 
a similar manner separately, if necessary. If the armature 
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be rolled slowly back and forth upon the iron rails, the heavy 
side will gravitate to the lowest position. This extra weight 
should either be counterbalanced by soldering a piece of lead 
to the light side of the armature core, or removed by drilling 
or filing away a portion of the metal on the heavy side. 

Vibrations caused by a defective belt may be due to its 
joint pounding against the pulley. As this pounding occurs 
but once during each revolution it can easily be detected, and 
it may be remedied by using a belt with a smoother joint, or 
better still, an endless belt. The foundation of the machine, if 
unstable, should be made level and firm. 

HEATING 

260. Can a generator operate without heating? 

No, in all dynamo-electric machines heat is developed, but 
in varying degrees. The conductors are heated by carrying 
current, the iron cores of the magnets and armature are 
heated by the variation in magnetic lines of force, and the 
bearings are heated by friction. The armature core and pole 
faces are also heated by eddy currents generated in them. 
Those parts which are not heated directly are often heated 
indirectly by conduction from those portions of the machine 
in which heat is developed. 

261. What are the allowable temperatures in the various 
parts of a, direct-current generator operating continuously 
under full load conditions? ' 

The temperature of either the field magnet coils or the 
armature winding should not exceed 50 degrees Centigrade 
above the temperature of the surrounding air, as determined 
by measurements of their respective resistances. The tem- 
perature of the commutator or brushes, as measured by a 
thermometer, should not exceed 55 degrees Centigrade above 
the temperature of the surrounding air. The temperature of 
the bearings, as measured by a thermometer, should not exceed 
40 degrees Centigrade above the temperature of the surround- 
ing air. 
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262. Why were these particular temperature limits 
chosen? 

In order that the insulation of the machine may not be 
impaired, and that the iron in the armature core may not 
deteriorate by overheating. 

263. Is thete a convenient method of ascertaining 
whether or not a machine is developing too high a tem- 
perature? 

Ordinarily, the condition of a machine with regard to 
heating can be estimated roughly by touching the accessible 
parts with the back of the hand. If the hand can comfortably 
be held on a certain part of the machine for several seconds, 
the temperature of that part may roughly be said to lie within 
the limits previously given. The back of the hand is better 
than the palm for estimating the temperature, because it is 
more sensitive to heat. Experience will soon enable one to 
become adept in this manner of testing for abnormal tem- 
peratures, but the fact must not be forgotten that the smooth- 
ness of the surface touched has considerable to do with the 
result obtained, as does also the character of the material of 
which the part undergoing test is composed. 

264. Why is it often difficult to locate in a generator 
the heated part which is the source of the trouble? 

Because the heat developed spreads rapidly over the ma- 
chine, owing to the heat conductivity of the iron portions. 
If, however, the machine be allowed to cool off thoroughly, 
then started up for a five-minute run under normal condi- 
tions, the heat will not have sufficient time to spread and 
the defective part may more readily be located if the various 
parts be tested with the hand as soon as the machine is shut 
down. 

265. Which is the most common cause of abnormal 
heating in a generator? 

An overload due either to actually pushing the machine 
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beyond its rated output, or to short-circuited armature coils, 
commutator bars or field coils, is the commonest cause. Usu- 
ally, in the case of an overload on the machine, there is 
sparking as well as heating, so that the combination of these 
symptoms furnishes a clue to the cause of the heating. By 
following the directions previously given for correcting 
sparking that is due to overload, or short-circuited coils 
or bars, the cause of the abnormal heating may also be re- 
moved. 

266. How may heat developed by the brushes be de- 
tected and remedied? 

The hand affords the readiest means of judging roughly 
the .temperature of the brushes, but it is better to use a 
thermometer held against the brushes and protected from the 
surrounding air by a wad of waste. It may be possible to 
reduce the heating sufficiently by shortening the distance be- 
tween the brush-holders and the commutator, thereby dimin- 
ishing the length of brush through which the current must 
pass, and consequently lowering the resistance offered by the 
brush. Other means for lowering the brush resistance and, 
therefore, the brush temperature, consist in using a greater 
number of brushes and brush-holders in each stud, reinforc- 
ing the brushes with strips of copper or copper gauze, and in 
improving the connections between the brush-holders and the 
brushes. 

267. Under what conditions will the commutator attain 
an abnormally high temperature, and what remedies should 
be applied? 

If the commutator be allowed to become very dry, or the 
pressure of the brushes on the commutator be too great, both 
brushes and commutator will attain a high temperature. The 
application of a few drops of oil to the surface of the com- 
mutator in the former case, and the adjustment of the brush- 
holder springs in the latter case, as previously described in 
connection with sparking, will remedy these defects. 
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268. Explain how moisture in the field coils or armature 
coils of a generator tends to raise their temperature, and 
how it may be detected. 

Moisture, being a conductor of electricity, though a poor 
one, reduces the insulation between the convolutions of the 
windings and ultimately breaks it down and short-circuits the 
windings. This trouble may sometimes be detected by the 
steam heat that arises from the coils when carrying their 
normal current, by their decreased insulation resistance as 
determined by measurement, and by the . additional power 
required to run the generator without load. 

269. How may moisture in the field coils or armature 
cchIs of a generator be removed? 

Preferably by passing a moderate current, beginning with 
about one-fourth the normal current, through the coils, until 
the heat developed by the current dries out the moisture some- 
what, and then increasing the current gradually until the 
insulation resistances of the coils attain their normal values. 
Another method, not so easily applied, however, consists in 
baking the armature or field coils in an oven until the normal 
insulation resistance is obtained. 

270. Can the magnet poles and armature cores be pre- 
vented from overheating by eddy currents developed in 
them? 

Yes, to a great extent, by building up the iron composing 
these parts with laminae or thin sheets of metal, instead of 
making them solid. All armature cores and most pole faces 
are so constructed, otherwise eddy currents would be devel- 
oped in them which would raise the temperature of the cores 
and indirectly the temperature of the windings on them. 
Heating from this cause may be distinguished from that due 
to a short-circuited armature coil by the fact that eddy cur- 
rents do not cause sparking, whereas a short-circuit always 
produces sparking, as previously stated. Moreover, the 
windings will be uniformly heated, whereas with a short- 
circuited armature coil the excessive heating will be localized 
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in one place. The core, furthermore, will be considerably 
warmer after a run than the coils on it, if eddy currents are 
causing the trouble. The temperatures for this comparison 
should be taken with thermometers, as the hand is not suf- 
ficiently sensitive to allow for the difference in conductivity 
of the insulation on the wire and that of the bare metal of 
the core. 

271. State the usual cause responsible for hot bearings 
on a generator. 

Poor lubrication, due to absence of oil or to faulty oiling 
apparatus, or to a poor grade of oil. Before starting up a 
machine, and throughout its operation, a close watch should 
be kept on the oil supply to see that the oil reservoir is well 
filled, that the oiling rings on the shaft are working properly, 
and that the oil passages do not leak or become filled with 
foreign matter so as to prevent oil from passing freely 
through them. It is advisable to filter the oil, if there is any 
doubt ai& to its being clean. If dirt, either .present in the oil 
or deposited from an outside source, works its way into the 
bearings, it will cause the bearing surfaces to become rough- 
ened, and the increased friction between the shaft and bear- 
ings will cause heating. 

272. Are there any unusual causes that may result in 
the bearings on a generator becoming unduly heated? 

If the bearings are not in line with each other, the arma- 
ture shaft will bind and will require considerable power to 
turn it in the bearings. If it be kept in motion the bearings 
will become very hot. If the machine be equipped with self- 
alining bearings, however, they will rarely be found to heat 
from this cause. Again, if a heavy load is being carried by a 
belted generator, the pull on the belt will cause the armature 
shaft to press heavily against that side of the pulley bearing 
toward the engine, and this will cause the pulley bearing to 
become much warmer than the bearing at the commutator 
end of the generator. If the temperature thus caused becomes 
so great that the hand cannot be held comfortably on the 
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pulley bearing, either the load must be reduced, the pulley 
replaced by a larger one, or the tension on the belt re- 
duced. 

Again, if there is not sufficient end play, either the shoulder 
or the pulley hub on the armature shaft is liable to press 
constantly against one of the bearings while the machine is in 
operation, and thus raise its temperature. Still again, after 
a machine has been in operation a long while its bearings 
naturally become worn, and as the wear is generally great- 
est on one side, the armature is brought nearer to the pole 
faces on that side of the machine than elsewhere. On ac- 
count of the shorter air space thus formed in the mag- 
netic circuit between the field poles and the armature, there 
is a greater magnetic attraction of the armature toward the 
poles on that side of the machine. The pull thus exerted is 
similar to that caused by the belt on a heavily-loaded gen- 
erator, except that it acts on both bearings, and the bearings 
are liable to become heated on account of the localized fric- 
tion. This trouble can, however, be remedied by rebabbitting 
the bearings, thus bringing the armature perfectly central 
within the pole-face circle and equalizing the magnetic attrac- 
tion over its surface. 

273. In case the bearings of a generator become very 
warm while the machine is in operation, what temporary 
remedy may be applied to prevent shutting down? 

Under the conditions mentioned, the application of ice or 
cold water is permissible. It is very important, however, that 
in applying this remedy the water be not allowed to reach the 
commutator, armature or field-magnet coils, on account of 
the danger of the water short-circuiting or grounding them. 
In many extreme cases of heated bearings the course just men- 
tioned is preferable to the other extreme, namely, that of shut- 
ting down the machine and keeping the armature stationary, 
as in the latter case the metal of the shaft and bearings is 
liable to ** seize " and make it very difficult afterward to 
rotate the armature. It is much better to keep the armature 
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revolving until it is comparatively cool, even if the speed of 
rotation is very slow. 

NOISE 

274. What may be said regarding noise as indicating 
defects in direct-current d3mamos? 

Undue noise in direct-current machines usually results from 
mechanical rather than from electrical defects. The majority 
of the causes of noise are in parts that have become loosened, 
and are rattling or knocking. For example, there may be 
loose nuts, screws or binding posts that rattle while the 
machine is in operation, or the bearings may be worn so 
that the armature shaft runs loosely in them and produces 
a rattling noise. In the latter case there is a possibility of 
the armature being so much out of center as to strike the 
pole faces. 

As a rule, undue noise about a generator acts as a warn- 
ing, indicating that something is wrong. An examination 
should therefore be made at the first indication of such 
a defect lest the trouble progress from bad to worse and 
entirely disable the machine. Loosened parts can best be 
detected by feeling about the generator, or listening while the 
machine is running, so as to form an idea as to the location 
of the cause of the noise. Having located the loosened parts, 
the remedy consists in tightening them, or if the trouble be 
due to worn bearings they should be renewed. If, on account 
of worn bearings, the armature rubs against the pole faces, 
the bearings should be put in proper condition immediately, 
lest mechanical defects be caused on the surface of the 
armature. 

275. In what ways may the belt and pulley of a gen- 
erator be responsible for abnormal noises? 

Both the belt and pulley may cause noises by striking 
against the bearings of the machine. This, however, is easily 
remedied by mounting the pulley a little further out on the 
shaft so as to avoid contact between the offending parts. The 
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belt, if laced or jointed, is liable to cause a pounding noise 
when the lacing or joint comes in contact with the pulley. 
As this noise occurs but once during each complete revolu- 
tion of the belt, the cause may readily be detected from 
the periodic nature of the sound. The remedy is obvious. An 
endless belt should always be used with electrical machines. 

It sometimes happens that the belt makes a squeaking noise, 
caused by its slipping on the pulley when the machine is 
heavily loaded. If the load be reduced, the squeaking will 
cease. In case the load cannot be reduced, the tightening 
of the belt may prove beneficial; if this does not remedy 
matters, a wider pulley and wider belt must be substituted 
for those in use. 

If the pulley is not perfectly balanced, it will cause vibra- 
tions of the machine which will produce noise. This defect 
may be detected by the fact that the intensity of the vibra- 
tions varies considerably at different speeds. It may be 
remedied in the same manner as previously explained in 
Answer 259 for balancing an armature. It may also be noted 
here that a poorly balanced armature will cause vibrations 
of the generator, and therefore noise, in precisely the same 
way as does a poorly balanced pulley. 

276. What parts of a generator are liable to produce 
a singing noise? 

Carbon brushes, if not given sufficient slant from the. sur- 
face of the commutator, or if too hard or gritty, will sing. The 
commutator, if sticky or not sufficiently smooth, will cause 
the brushes to produce a similar noise. If the plates of a 
laminated field or armature core are loose, or if one of them 
projects slightly beyond its neighbors, a singing noise will 
result, and a piece of paper or a layer of insulation partly 
loose will also produce a similar sound. 
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RULES FOR OPERATION 

277. Give directions for starting a direct-current gen- 
erator. 

The generator must first be brought up to its full speed; 
the field circuit should then be closed, and the adjustable 
resistance in this circuit slowly cut out until there is not 
more than one-fourth of the rheostat left in. If the gen- 
erator pilot lamp does not glow, the brush rocker-arm should 
be shifted back and forth around the commutator, for the 
brushes may not be exactly in the right position. It is advis- 
able to move them slowly back and forth through a large 
angle, and as soon as the generator pilot lamp becomes yel- 
low the rheostat arm should be moved backward slightly, this 
being kept up until the lamp ceases to increase in brilliancy. 
Then the rheostat should be manipulated to get the rated 
voltage. If the machine refuses to pick up, all the connec- 
tions should be investigated to see that they are clean and 
tight, after which the operation of shifting the brushes may 
be repeated. 

If the machine still fails to generate, the entire resistance 
in the field rheostat should be cut out, and lest there be a 
poor connection in the outer part of the shunt circuit, the 
shunt field coils should be connected directly across the main 
terminals or leads. If the brushes be then moved back and 
forth over the commutator, the machine will generate, unless 
there is something radically wrong. If the dynamo be series- 
wound, its field may possibly be excited by temporarily short- 
circuiting the main leads, care being taken to provide a means 
of immediately breaking the circuit, 'or interposing resistance, 
as the machine picks up. If this precaution is not taken, 
the armature is liable to be burned out. 

278. If all of the directions just given fail to cause a 
direct-current generator to produce current, what should 
next be done? 

The machine should be shut down and given a close ex- 
amination. First of all, the brushes should be examined 
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again to see that they are in the proper position relatively 
to each other; care should also be taken that the entire con- 
tact surface of each brush comes in contact with the com- 
mutator. This is an important matter in many small dyna- 
mos, and unless given close attention may prove troublesome. 
All connections being tight, the field windings should be 
tested with a magneto-set or a battery and electric bell, to 
see that there is no open-circuit in them. A short-circuit 
must also be looked for; this defect would not occur within 
a coil, except it be a partial one, and in such a case the 
machine would not refuse to generate. The short-circuit 
might occur externally, in which case it might be visible, or 
it might be due to two or more grounds which could be 
detected by testing for this defect in the usual way. 

The machine should then be given another trial, and if it 
still will not generate, the trouble may be attributed to lack 
of residual magnetism. This may be tested by a piece of 
iron held near the pole pieces; if the residual magnetism is 
weak or absent, there will be little or no attraction of the 
iron. If the generator is one that has been running regu- 
larly, its residual magnetism in some manner may have been 
destroyed. This may have resulted from a severe jar, or 
from the magnetism of another machine located nearby. 

The remedy for lack of residual magnetism consists in con- 
necting the field coils to another direct-current generator, 
or a storage battery, and allowing the current to remagnetize 
the field magnet for a few seconds. Care must be taken, 
however, to connect the positive pole of the separate source 
of current to that field terminal of the generator which is 
afterward to be led to the positive terminal of the machine. 

279. In the case of a new direct-current generator, what 
possible reasons are there in addition to those previously 
given for the failure of the machine to generate current? 

One possibility is that the direction of rotation of the 
armature may be wrong, or it may be that the relation of the 
field-winding connection with respect to the polarity of the 
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brushes is not correct. In either of these cases the machine 
can be made to generate by using an external source of cur- 
rent to excite the fields, but some experimenting may be 
necessary to get the connections right. It may be possible 
to remedy the trouble by reversing the direction of rotation 
of the armature, or by reversing the connections of either 
the brushes or the field winding, but not of both the brushes 
and the field winding, as the results would then be the same 
as before. 

280. Illustrate and describe the usual arrangements of 
circuits in the armatures of direct-current generators, and 
give the position and number of brushes that should be 
used in each case for proper operation. 

The ordinary two-pole machine is shown diagrammatically 
in Pig. 50 at 4. There are two brushes or groups of brushes 
placed directly opposite, or 180 degrees apart, on the com- 
mutator, opposite the spaces between the poles, and from 
brush to brush there are two circuits through the arma- 
ture. 

In the four-pole winding, shown diagrammiatically at B in 
Fig. 50, four brushes or brush-groups are employed, which 
are spaced 90 degrees apart. The four brushes or groups 
form two pairs in which the positive brushes are joined to- 
gether and the negative brushes are joined together. There 
are therefore four circuits through the armature, the current 
dividing among them as represented by arrows. 

In the four-pole machine illustrated at C, Fig. 50, the 
armature winding is cross-connected so that instead of four 
brushes or groups as in B, there are two brushes or groups 
spaced 90 degrees apart, through one of which the entire 
current generated in the armature passes out and through 
the other, returns. As indicated by the brushes shown dot- 
ted, there may if desired be four brushes or groups em- 
ployed, spaced 90 degrees apart. They would then be divided 
into two pairs in which the positive brushes would be joined 
together, and the negative brushes also joined together as in 
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B. Whether there be two or four brushes or groups em- 
ployed, there would be four circuits through the armature. 

In the four-pole winding shown at D in Pig, 50, the arma- 
ture winding has only two paths through it, and two brushes, 
instead of four paths in parallel as in the previous cases. 
The two brushes are spaced 90 degrees apart, and the arma- 
ture winding is of the ring type. Although the poles are 
' alternately of north and south polarities, the conductors are 




Fig. 50. — Different Arrangements of Circuits in Armatures of Direct- 
Current Generators, showing also Position and Number of Brushes 
Necessary. 

arranged so that the current flows in a single pair of cir- 
cuits as was the ease in A. Since, however, there are twice 
as many conductors joined in series here as there are in A, 
a smaller number of turns of larger wire may be employed. 
As in C, four brushes may be used here if it be desired to 
obtain greater brush-commutator contact surface. 

A four-pole, drum-wound armature is represented at E. 
The conductors are held in slots in the periphery of the arma- 
ture core, the end connections on the nearer head being 
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shown by solid lines and those across the far end by dotted 
lines. There is only one turn per coil and the winding has 
only two parallel paths, as in the preceding case, with two 
brushes spaced 90 degrees apart. Four brushes instead of 
two may be used. 

In the eight-pole, single-turn, two-path drum-wound arma- 
ture shown at F in Fig. 50, two, four, six or eight groups of 
brushes may be employed. When two groups are used they 
are spaced 135 degrees apart, but it is usual to have more 
than two groups in this type of machine on account of the 
great length of commutator that would be required in order 
to provide sufficient brush-contact surface with two groups. 

TYPICAL MODERN FORMS 

281. Are bipolar direct-current generators manufactured 
now? 

Yes; they are still being manufactured for small outputs. 
For outputs much above two kilowatts, multipolar gener- 
ators have replaced them. 

282. What is meant by a multipolar generator? 

A generator having more than two poles; a four-pole, six- 
pole or eight-pole machine is a multipolar generator. 

283. Illustrate and describe a bipolar generator as now 
manufactured. 

Fig. 51 shows a belt-driven bipolar machine, shunt wound, 
which is made in outputs from f to If kilowatts and de- 
signed to give 125 or 250 volts. The frame and magnet poles 
are cast in a single piece of gray iron. Fig. 52 shows the 
separate parts of the machine. The bearings are supported 
by arms c, e, etc., cast solid with the frame. The arms ter- 
minate in rings m, that are bored out at the same time and to 
the same diameter as the field-magnet poles n, etc., in order 
to provide seats for the circular bearing housings 6. The 
armature t can be taken out by removing the four bolts which 
hold the rear housing. The circular bearing housings can be 
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rotated to keep the oil wells under the bearings when the 
machine is mounted on a wall or ceiling. 

The bearings are of the self-oiling ring type. Oil brought 




e Bipoli 



from J^ t 



up from the wells by the rings is distributed by oil grooves 
to every part of the bearing. Covered openings are provided 
in the sides of the housings for inspecting the bearings and 
refilling the oil wells. 



Fig. 52. — Parts of Bipolar Generator shown in Fig. 51. 

The field-magnet coils h and I are composed of cotton- 
covered wire, machine-wound on forms and then impregnated 
with insulating compound. They are protected by several 
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layers of heavy tape and are held in place on the poles by 
clamping pieces. 

The armature is of the drum type with slots to take the 
winding, which is held in the slots by fiber wedges and by 
wire bands over the projecting end of the coils; no bands 
are used over the cores. The core laminations are punched 
from thin sheet steel and are assembled directly on the shaft 
and clamped between stiff end plates, one resting against a 
shoulder on the shaft and the other held by a nut on the shaft. 

The commutator is made of hard-drawn copper bars sepa- 
rated by insulating strips of mica. The bars and insulation 



are assembled on bushings and clamped between V-shaped 
rings, from which the bars are insulated by mica ; the clamp- 
ing rings are set up after the commutator has been heated 
to a high temperature and while it is still hot, so as to hold 
every bar firmly in place. The complete commutator is 
pressed onto the shaft and securely pinned to it. The com- 
mutator leads are protected by a tough canvas covering and 
the ends are soldered into slotted projections on the bars. 

The rods on which the brush holders are clamped are sup- 
ported by cast-iron rocker rings which are held rigidly against 
a machined surface on the front bearing bracket by set 
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screws. The brush holders r are of the simple hox type and 
the brushes are earbou blocks pressed, radially against the 
commutator by flat spiral springs. The terminal wires are 
brought to binding posts o and v on the two lower arms sup- 
porting the front bearing. 

384. Show a multipolar generator for small outputs. 
A four-pole direct-current generator for outputs from 2 to 
7J kilowatts at 125 or 250 volts is shown in Figs. 53 and 54, 



Fig. S4. — Parts of Multipolar Generator shown in Fig. 53. 

the former illustration showing the machine assembled and 
the latter the separate parts. The magnet poles are east 
with the frame and the shunt-field magnet coils are fastened 
to them as in the bipolar machine. The hearing brackets a 
and c are separate castings and are held to the frame by four 
equally spaced bolts. The armature tn is built up in much the 
same way as before, but the stampings forming the core, being 
larger, are keyed to the shaft; ventilating ducts in the core 
(md openings through the spider afford paths for cooling air 
cui:rents. The armature coils are wound and shaped before 
being placed in the slots; and the commutator, instead of 
being mounted on the shaft, is pressed on an extension of 
the armature spider and keyed to it. The rocker ring s is 
clamped over a machined seat on the inside of the front 
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bearing bracket so that the brushes can be moved around 
the commutator. 

The terminal wires e and n are brought out through an 
insulating bushing o in the side of the frame. As shown at 
h, a bedplate, equipped with belt-tension adjusting screws 
I and t, is supplied with the generator, 

285. Describe a modem direct-current generator of mod- 
erate or large output. 

Pig. 55 shows'a modern type of direct-connected or engine- 
type generator having an output of 100 kilowatts at 250 volts 



Fig. 55. — Sprague Electric Engine-Type Generator of 100 Kilowatts 
Output. 

when run at a speed of 260 revolutions per minute. Its field- 
magnet frame is split horizontally at e and s, the halves being ■ 
provided with flanges at the joints to facilitate bolting them 
together. The magnet poles are built up of thin sheets of soft 
annealed steel and riveted together under pressure, after 
which they are bolted in place. Two bolts are used for each 
pole piece and, as shown at d, they pass through the yoke 
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and are fastened by lock washers on the outside; they are 
threaded and screwed well into the pole pieces, so as to give 
them a firm hold. The building up of the poles from thin 
sheets of steel is called laminated construction and is done 
to prevent overheating by eddy currents, as explained in 
Answer 270. The bolted-in pole construction allows the 
removal of any one of the field-magnet poles and its coil 



Fig. 56. — Rear View of Generator in Fig. 55, with Armature Removed. 

without disturbing any other part of the machine. The 
magnet pole-tips are spread to give a better eommutating 
field under the pole-tips and the extensions serve to support 
the field-magnet eoils. This construction is clearly shown 
in Fig. 56, which gives a rear view of the machine with 
armature removed. 

This generator has a compound field winding. The series 
coils are formed of flat copper strip o, which is wound ou 
insulated sheet-iron spools provided with fiber heads h, etc. 
The series coil is wound on first and is separated from the 
shunt coil, which consists of insulated copper wire t, by in- 



DIRBCTCURRENT GENERATORS 166 

sulatioD and a half-inch air space. This air space communi- 
cates with the outside air through holes a, etc., in the fiber 
head so as to afford ventilation of the windings and a conse- 
quent low operating temperature. 

The brush holders c, etc., are carried by brackets mounted 
on a rocker ring I, Pig. 55, concentric with and carried on 
a machined seat on the front end of the field magnet frame. 
The rocker ring is operated by the hand wheel w. Carbon 
brushes are used, of which there are six on each stud. As 



Fig. 57. — Armature of Generator shown in Fig, 65. 

there are six poles in all, there are three positive poles and 
three negative ; also three positive sets or studs of brushes 
and three negative sets or studs. The positive studs are 
connected to a copper bus ring secured to one of the inner 
sides of the rocker arm and connecting by means of the 
insulated copper leads v to one of the terminals m of the 
generator. The negative studs are similarly connected to a 
bus ring on the opposite side of the rocker arm and thence 
by the leads u to the other terminal n. 

The armature, shown separately in Pig. 57, is built up on 
a core composed of thin notched punchings of annealed and 
japanned sheet-steel which are clamped together between 
cast-iron end plates. The end plates have a projecting flange 
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for supporting the end winding k of the armature coils, which 
latter are formed coils embedded in the slots p g formed by 
the alinement of the notches in the armature core punchings. 
The armature winding is held in place by wooden wedges 
in the slots pq and by the bands / and /. Space plates 
assembled at the ends and at intervals between the punchings 
form the openings seen at w, x, etc., necessary for ventilatiozi. 



Fig. 5S. — Fort Wayne Belted Multipolar Grenerator made in Sizes 
from 20 to 90 Kilowatts. Machine has Laminated Pole Pieces cast into 
the Frame. 

The commutator s is clamped by a cast -steel ring g to a cast- 
iron shell i, which in turn is rigidly supported by the arma- 
ture spider y. 

286. Are not the magnet poles of large direct-current 
generators sometimes cast into the yoke frames? 

Yes ; some manufacturers employ this method of construc- 
tion in all of their machines. Fig. 58 shows a multipolar 
belted direct-current generator of this construction. The 
base, field-magnet frame, magnet poles, all of one pedestal 
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and part of the other pedestal are cast in one piece. The 
upper part a of the pedestal at the commutator side is a 
separate piece, but with this exception the entire frame is a 
single casting. 

387. Illustrate and describe in detail the construction of 
the magnet poles of the generator shown in Fig. 58. 

From Fig. 59, which shows one of the magnet poles before 
it is cast into the frame, it may be seen that the pole is built 



up of sheets (these are annealed steel) of two different widths 
c and e, assembled so as to form the size and shape of the 
pole pieces. The minute spaces between these laminations 
and the slight oxidization on the surface of each sheet tend 
to reduce eddy currents in the pole faces and thereby decrease 
the iron loss and increase the efficiency of the machine. 

The poles are slotted parallel with the shaft, as shown 
at n, to prevent as far as possible the distortion of the 
magnetic field at heavy loads. The shape of the ends at m 
is such that when the molten metal is poured into the mold 
for the yoke it grips the bases of the poles firmly and makes 
a good mechanical and magnetic joint. 
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288. Are direct-current generators ever built witli more 
tlian two bearings? 

Large direct-current generators designed for belt drive are 
often built with three bearings. Fig. 60 shows a six-pole 



■ Generator of 200 

generator of this class built to supply current to a street- 
railway system. It differs from the generator shown in Pig. 
58 in that the bedplate, bearing pedestals and field magnet 
yoke are separate castings. 

a8g. Illustrate and describe in detail the construction of 
the armature of the generator shown in Fig. 60. 

Fig. 61 shows the armature partly wound ; the core a is 
built of mild sheet-steel stampings which are japanned before 
assembling to reduce the eddy-current losses in the core. 
These armature-core disks are assembled under heavy pres- 
sure and held together by bolts passing through both halves 
of the armature spider which is keyed to the shaft. Air ducts, 
c, extend from the inside up through the armature windings, 
and air is forced through them by the motion of the 
armature. 
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The armature coils are made of wire or bar copper, ac- 
cording to the capacity of the machine, the latter being 
employed when large currents are to be carried. These are 
form wound as shown at s to make all coils of the same shape. 
All coils are wrapped with linen tape, dipped in insulating 
varnish and baked. The slots of the armature core are also 
insulated as shown at e to afford additional protection to the 
coils. The coils are held at the ends by tinned-steel band 



Fig. 61. — Partly Wound Armature of Generator in Fig. 60. 

wires beyond the ends of the core, where the cylindrical 
ribbed flanges h and I of the spider support the ends of the 
eoils and secure ventilation around the ends of the coils from • 
the interior of the core. Wooden wedges, in notched grooves 
in the slots below the surface of the core, hold the coils in 
place throughout the length of the core. 

When the armature coils are made of wire, their terminals 
are soldered directly into the commutator bars or segments, 
but when formed of bar copper, as in Pig. 61, the terminals n 
of the eoils are soldered into flat copper strips which run 
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down and connect with the commutator bars. Each strip has 
a clip at the ends to facilitate a soldered connection both 
with the terminals of the armature coils and with the lugs on 
the commutator bars. The commutator bars o are assembled 
on a drum mounted on an extension of the armature hub. 
The bars are securely held on the drum by end flanges at 
i and r which clamp over the beveled ends of the bars and 
draw them together. 

Equalizer rings connected to the armature winding at equi- 
potential points are placed between the commutator and the 
armature core to insure that the brushes of the same polarity 
be of the same potential. 

290. Why is it necessary to use equalizing connections 
in order that the brushes of the same polarity may be of 
the same potential? 

In the operation. of large multipolar direct-current ma- 
chines with parallel-wound armatures, such as the one being 
considered, it is difficult to secure exactly the same magnetic 
strength in all the field-magnet poles. Consequently, the 
potential generated in the conductors under one pole some- 
times exceeds or is less than that generated in the conductors 
similarly situated under another pole of the same polarity, 
the result being a slight difference of potential between 
brushes of similar polarity which causes current, sometimes of 
considerable magnitude, to flow from one brush to another 
and from one section of the armature winding to another, 
attended by annoying and wasteful heating of the conductors 
and sparking at the brushes. 

291. Explain in detail the method used to correct this. 
A number of points in the armature winding which should 

be normally of equal potential are connected by leads or rings 
outside the winding, through which currents may pass from 
one section to the others with which it is connected in parallel. 
These currents circulate through the armature conductors 
and are alternating in character ; they lead or lag with refer- 
ence to their respective electromotive forces, and thereby 
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inerease or decrease the strength of the field magnet poles 
automatically so as to produce the necessary balance between 
them. 

39a. Do the equalizing connections serve any other pur- 
pose? 

Yes ; they are advantageous in reducing any excess of mag- 
netic pull on one side of the armature, should it get out of 
center by wear of the bearings, and also prevent the spark- 
ing which would be caused under such a condition, by the 



inequality of field magnet strength due to the difference be- 
tween the air-gaps on opposite sides of the armature. 

293. Are solid field magnet poles ever cast into the 
yoke? 

Yes ; Figs. 62 and 63 show a four-pole shunt-wound direct- 
current generator embodying this construction. 

294. Describe the construction of the generator shown 
in Figs. 63 and 63. 

The frame is of cast iron and the poles areof steel, circular 
' in cross-section, and east-welded into the frame. The arma- 
ture core is built up of very thin sheet-steel disks of the form 
shown in Fig. 63A. These are mounted and keyed directly 
on the shaft in the smaller sizes and on a cast-iron spider in 



172 ELECTRICAL CATBCB18M 

the larger sizes. In both cases they are clamped together so 
that the pressure is applied near the slots in which the arma- 
ture eoiU are held. The eoils are form-wound, taped and 
dipped in an insulating varnish; finally they are put in an 
oven to hake the varnish. There are longitudinal ventilating 
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Fig. 63. — Designated Parts of the Generator Bhown in Fig. 62. 

holes in both armature core and commutator, and through 
these, as well as between the commutator leads, air passes 
freely while the machine is in operation and assists in cooling 
the armature. The field magnet coils are wound on circular 
forma, and are heavily insulated and protected by a tough, 
moisture-proof covering. They are held in place by pole- 
shoes fastened to the ends of the magnet poles. 

The brushes slide in box holders and are pressed against 
the commutator by adjustable springs. The studs carrying 
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the brush holders are attached to, but insulated from, a 
rocker arm by means of which all of the brushes may be 
shifted simultaneously around the commutator. The arma- 
ture shaft is made of machinery steel, ground to size. It is 
made larger in the journals than at the projectii^ pulley 



Fig. 83A. — Armatare Disk or Lamination. 

end, so that if worn or damaged from any cause it may be 
turned down without reducing its diameter below that of 
the projection. The leads from the field coils and brush 
holders are connected to the inner ends of brass studs which 
pass through the magnet frame and are insulated therefrom 
by porcelain bushings. Although the dynamo selected for 
illustration is shunt-wound, this type of machine is also built 
either series- or compound-wound. 

395. Illustrate and describe a large size direct-current 
generator built for direct connection with the prime mover. 

Fig. 64 shows a generator of this kind built to give 600 
kilowatts at 250 volts when run at a speed of 80 revolutions 
per minute. 

The magnet frame a is of cast iron and is split horizontally, 
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the two halves being alined by dowel pins and held together 
. by bolts c, e, etc. The lower half of the field magnet frame 
is provided with feet drilled to receive the holding-down bolts 
and provided with leveling screws for adjusting the position 
of the magnet frame. The poles are of steel, east-welded 
into the frame. Each pole is fitted with a cast-iron remov- 



able shoe s, which distributes the magnetic flux over the 
armature surface and serves also to retain the magnet coils 
in position. The air gap or clearance between the armature 
and pole faces is relatively large to reduce the bad effects 
resulting from a slight displacement of the armature from its 
true center. 

The machine is compound-wound and the magnet coils are 
separated from each other and the frame by spacers n, to 
provide free circulation of air between and around the coils. 
The scries coils are wound of copper strip, connections be- 
tween them being made by interleaving the multiple strips. 
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The arms d, attached to the hub k, support the toothed 
laminations of steel which form the armature core, and there 
are ventilating ducts in the core and end flanges. The arma- 
ture conductors consist of flat copper ribbon, heavily insu- 
lated and retained in the slots by means of wedges. The 
commutator spider h is mounted on an extension of the arma- 
ture spider and is therefore independent of the shaft I. A 
sectional clamping ring r permits removing a few bars of the 
commutator without disturbing the others. 

The cast-iron rocker ring j is rigidly supported at m, etc., 
from the magnet frame and has a tangential screw and hand 
wheel w for shifting simultaneously the position of all 
brushes. Each set of brush holders is supported on a bracket 
clamped to the rocker ring, and insulated from it. All the 
positive brush holders are connected to a copper bus ring u, 
mounted on one side of the rocker ring, and all the negative 
brush holders are similarly connected to a similar ring v on 
the other side of the rocker ring. 

296. Is there any other special form of direct-current 
generator besides those previously described? 

Yes; there is a three-wire generator that differs consider- 
ably from those already shown, which are all two-wire gen- 
erators intended to supply current to two wires — one positive 
and one negative. A three-wire generator is intended to 
supply current over short distances to a low-voltage three- 
wire system of distribution and is used principally in office 
buildings, machine shops, stores, manufacturing establish- 
ments and in large institutions where both lamps and motors 
must be operated on the same circuit. It is preferable over 
a two-wire generator system for this purpose on account of 
the saving in the cost of copper wire for the distributing 
circuit, 

297. Describe the three-wire system of distribution. 
The principles of the three-wire system can best be ex- 
plained by reference to Fig. 65, which shows a diagram of 
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this system employing two two-wire generators m and h, each 
of a voltage equal to one-half the maximum line voltage. If 
each of the generators supplies 110 volts, the two in series 
furnish 220 volts across the two outside wires a and c, while 
between the middle wire e connected to the junction of the 
two machines and either of the outside wires there is 110 
volts. Both 110-volt lamps and fan motors, and 220-volt 
power motors, may be connected as shown and operated 
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Fig. 65. — Diagram of a Three-Wire System employing Two Two- Wire 
Generators. 



satisfactorily. If the 110-volt load on each side of the middle 
wire e is the same, the current supplied to this load will go 
out from the generator m on the wire a, pass through the 
110-volt lamps and motors and return to the generator h on 
the wire c, so there will be no current in the middle wire e, 
which is called the neutral wire. With a difference in load 
on the two sides, only the extra current will flow through 
the neutral wire. Owing to the current being transmitted 
at 220 volts instead of 110 volts there is a saving of copper 
cost with a given energy loss on the line of nearly two-thirds 
as compared with the copper cost of a two-wire system of 
the lower voltage. 

A three-wire system of this kind requires the continuous 
operation of both generators. To obviate this the arrange- 
ment shown in Fig. 66 is sometimes used. Here a single 
two-wire 220-volt generator m furnishes the voltage between 
the outside wires, a small motor-generator balancer set 6 is 
connected across the outside wires, and the middle or neutral 
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wire is led from a point between the two units of 6. The 
machine of the balancer set on the side having the lighter 
load operates as a motor and drives the other as a generator. 
This (for the time being) generator supplies current for the 
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Fig. 66. — ^Three-Wire System with a Two-Wire Generator and Bal- 
ancer Set. 

excess load on the other *side and thus automatically balances 
the system. 

The three-wire generator still further reduces the initial 
cost and the expense of operating a three-wire system, be- 
cause there is only one machine to be purchased instead of 
two or three, and there is less maintenance because there are 
fewer parts to be cared for. There is also higher efficiency 
because one machine has smaller losses than any greater num- 
ber of equal total output, and less floor space is required. 
The three-wire generator differs from an ordinary two-wire 
generator in that balance coils are added, and collector rings 
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Fig. 67. — ^Diagram of Three- Wire Generator, showing Balance ' Coil 
Connections. 

are mounted at one end of the armature, as shown in Fig. 67, 
to provide suitable connections for them. 



178 ELECTRICAL CATECHISM 

398. Illustrate and describe a three-wire generator. 

Pig, 68 shows a Westinghouse machine of this type. The 
balance coils are external to the machine and therefore are not 
shown in this illuatration. Each consists of a single winding 
on a laminated iron core and is contained in a cast-iron case 
which may he placed in any convenient location near the 
generator. Two of tliese coils are connected in circuit, as 
shown in Fig, 67, through the four .collector rings c and the 
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copper brushes b. Fig. 68. The commutator a and the other 
parts of the machine will be easily recognized as similar to 
those of any direct-current two-wire generator. A compound 
field winding is used, and the series field turns are divided 
into two parts, with one part connected in the positive and 
the other in the negative line lead, so that the regulation may 
be preserved at all loads. The machine may be over- 
compounded to impress an increasing voltage with an in- 
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creasing load, as is the usual practice with single-voltage 
machines. 

299. Explain how the balance coils operate to produce 
the two voltages. 

For the sake of simplicity, reference will be made to the 
case of a bipolar generator connected to one balancing coil; 
this is shown in Fig. 69, and from this diagram it is obvious 
that the pressure between the neutral n and each commutator 




Fig. 69. — Illustrating the Principle of the Balance Coil in Three- 
Wire Generator. 

brush is one-half the total armature voltage. This method 
of diagrammatical illustration can also be applied to multipo- 
lar generators and any required number of balance coils. 

The direct-current brushes of the generator are repre- 
sented by 6 + and b — . The balance coil is permanently 
connected to opposite points in the armature winding. The 
neutral wire connects at the point n, the middle point of the 
balance coil. The winding and connections being sym- 
metrical, it is evident that when the terminals or ** tap '' 
points of the balance coil are directly under the brushes, the 
balance coil is subjected to the full voltage of the armature, 
and the voltage between the mid-point n and the brush 6 -\- 
is equal to that between n and the brush 6 — , and one-half 
the total armature voltage. 

When the armature has rotated 90 degrees, so that the tap 
points lie directly under the centers of the magnet poles, 
the balance coil is subjected to no difference of potential and 
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the voltage between the middle point n and each brush is 
again one-half the total voltage of the armature, ignoring 
the drop in the winding of the balance coil, which is so 
small that it is not important. 

In all other positions of the armature the voltage between 
the point n and the brush 6 + is the resultant of half the 
voltage of the balance coil and that of the armature winding 
between one tap point and the brush. Correspondingly, the 
voltage between n and 6 — is the resultant of one-half the 
voltage of the balance coil and that of the armature winding 
between the other tap point and the brush 6 — . These two 
are always equal, so that the voltage between n and one 
brush is always equal to that between n and the other brush, 
and n is therefore the neutral point and may be so used. 
The only influence that prevents this arrangement from giv- 
ing a perfect division of the total voltage between the two 
branches of the system is the resistance of the windings and 
circuit connections, and this is so small relatively that it does 
not cause serious discrepancy under ordinary operating 
conditions. 

300. Why is it necessary to use two balance coils instead 
of one? 

To reduce the fluctuations during each armature cycle, of 
the resistance and reactance effects of the coils. When the 
tap points are directly under the brushes, these effects are 
a maximum, and when the tap points are midway between 
brushes the effects are minimum. Therefore, when two coils 
are connected at right angles to each other (in the 
elementary bipolar case. Fig. 69) each one tends to neu- 
tralize the disturbing effects of the other. 

301. Is it practicable to operate three-wire generators 
in parallel? 

Yes, they may be operated in parallel, just like ordinary 
generators, irrespective of the number of poles and speed 
of each, and they may be regulated for equal voltage in the 
same manner. 
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Two-wire and three-wire generators may also be run in 
parallel. Where there are several generator units, therefore, 
it is practical to operate one three-wire generator having 
suiBGeient capacity to carry the difference between the loads 
on the two sides of the system, the other imachines being of 
the ordinary type. It is, however, advisable to provide du- 
plicate three-wire units, each of sufficient capacity to provide 
■for the maximum unbalanced condition of the system, 

302. Illustrate and describe a typical form of balancer 
set used in a three-wire system. 

Fig. 70 shows a balancer set made by the General Electric 
Company for use on a three-wire system. The principal 



Fig. 70. — Balancer Set made by the General Electric Company. 

parts composing the set are shown separately in Pig. 71. 
The two generator frames a and c, Pig. 70, are riveted to- 
gether through spacing blocks, and both armatures m and n. 
Fig. 71, are mounted on a common shaft which is strength- 
ened by means of an increase in size between the armatures. 
A fan e, mounted between the armatures, draws air into the 
space between the two machines to prevent undesirable 
heating. 

303. Is it possible, through any change in construction 
or arrangement over what has already been shown, to de- 



182 ELECTRICAL CATECBI8M 

crease the size of a generator for a given output and 
enable larger overloads to be carried for short periods? 

The use of auxiliary or commutating magnet poles tends 
to produce the results mentioned. 

304, Explain the effect of auxiliary magnet poles. 
Auxiliary poles between the main iield-magnet poles pro- 
duce a magnetic field of such strength as to reverse the 



Fig. 71.— Parts of the Balancer Set in Fig. 70. 

current promptly in the armature coils short-circuited during 
commutation, the brushes remaining in a fixed position. 
The interference by armature reaction, which ordinarily pro- 
duces sparking at the brushes, is neutralized because the 
strength of the auxiliary field produced by the auxiliary 
poles is always proportional to the load, the coils on these 
poles being in series with the armature. 

305. Illustrate and describe a generator of tbe auxiliary 
pole typt. 

Pig. 72 shows a 1500-kilowatt 550-volt generator containing 
12 main field-magnet poles n, s, etc., and the same number 
of auxiliary poles, m, m, etc., located midway between the 
main field-maf^et poles. The poles m are wound with insulated 
copper wire or strips connected in series with the armature 
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circuit 80 that the current through the coils around the 
auxiliary poles varies with the load. The main field winding 
ia usually of the simple shunt kind, but a compound or series 
winding may be used when service conditions require it. The 
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generator shown has a compound winding. It is designed to 
give 550 volts at a speed of 85 revolutions per minute. 

306. Do alternating currents possess any advantages 
over direct currents from an operating standpoint? 

Yes. The voltage of an alternating current can be changed 
or transformed without losing much electrical energy, whereas 
a direct current cannot. This flexibility makes alternating 
currents specially advantageous when electrical energy must 
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be transmitted over long distances, because it permits this 
energy, generated at a comparatively low voltage, to be 
readily transformed to a high voltage for transmission over 
the line and at its destination changed to a low voltage for 
operating motors, lamps, etc. At the working ends of the 
line the voltage can thus be suflSciently low to be handled 
without difficulty, while on the line the high voltage enables 
the electrical energy to be transmitted at a low current and 
therefore with small loss and saving in copper conductors. 

Other advantages of alternating currents are the simpler 
construction of alternating-current generators due to the 
absence of a commutator and the needlessness of using a re- 
volving armature type of machine, the simpler construction 
of alternating-current motors, and the practicability of loca- 
ting the generating station outside of or at a distance from 
built-up communities where the current is to be used and in 
localities where water power or fuel is readily obtained, 
where real estate is low and where noise, smoke and vibra- 
tions are unobjectionable. 



ALTERNATING CURRENTS 

PRINCIPLES GOVERNING SINGLE-PHASE 

CURRENTS 

307. Can the variations of a single-phase alternating 
electromotive force be represented in a diagram? 

Yes. The actual variations of the electromotive force de- 
veloped in an armature coil while it is making one complete 
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Fig. 73. — ^Actual and Ideal Curves of Alternating Electromotive Force. 

revolution between the field magnets of a two-pole alter- 
nating-current generator or alternator depend largely upon 
the design of the machine, but may be represented by a dotted 
line curve such as a c in Pig. 73. In practice, an alternator 
always has more than two poles, but the electromotive forces 
developed in an armature coil, while passing any two of 
them, will, if plotted, give a curve similar to that marked a c. 
This curve differs from the theoretical electromotive force 
curve s V, Pig. 73, in being less smooth or uniform. The full 
line curve 5 1; is called a * * sine ' ' curve, and if drawn to 

correspond in amplitude to the actual curve, as has been done 
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in this case, may be used in place of it to simplify the calcu- 
lations relating to alternating currents and pressures. 

308. How is a sine curve produced? 

Fig. 74 illustrates the making of a sine curve. Here the 
same curves and lettering are shown as in Pig. 73. The long- 
est vertical line or * * ordinate " a e is drawn to a scale which 




C V 

Fig. 74. — Method of Drawing a Sine Curve. 

makes its length represent the value of the maximum electro- 
motive force indicated by the curve, and this length is taken 
as the radius of a circle, m, constructed on the prolongation 
of the line d 0. By dividing the circumference of the circle 
m into a number of equal parts and the distance d into the 
same number of equal parts, the circle is unfolded, as it were, 
upon the line d, thus producing the sine curve s v. In order 
to simplify the drawing, this operation for only a quarter of 
the circumference and a quarter of the distance d has been 
shown, these spaces having been divided into four equal parts. 
The intersections of the broken lines at corresponding points 
of division as at h, I, etc., determine the points w, etc., which 
in turn determine the course of the sine curve. This curve, 
as shown, will be perfectly symmetrical above and below the 
line d, if correctly determined. 

309. How may the actual electromotive force curve of 
a single-phase alternator be obtained? ^ 

Referring first to Pig. 73, it should be noted that the dis- 
tances along the horizontal or zero line represent degrees. 
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the entire distance o d being divided into 360 degrees, corre- 
sponding to the circumference of a circle. As the curves 
cross the line midway between its extremities this center 
point is 180 degrees from each end. The ordinates to the 
curve a c represent by their lengths the instantaneous valura 
of electromotive force induced in the armature coil at differ- 
ent points in its travel through one cycle. It is evident that 
the electromotive forces have zero value at 0, 180 and 360 
degrees, and in the sine curve maximum values at 90 and 
270 degrees. Under the same conditions these values are the 
same in each cycle. 

In order to obtain the instantaneous values of the electro- 
motive force at different points in the 360 degrees, for de- 
termining the actual curve ac, the alternator is provided 
with a metal ring, a, Fig. 75, attached to but insulated from 
the armature shaft e, so that a will rotate with e. This ring 
should have a projection n, and be constructed so that a metal 



strip d can press continuously against it during the rotation 
of the armature. An immovable rigid support m should also 
be provided to hold a spring o so that the projection n touches 
the spring o tchenever n passes o. Once during each complete 
revolution of the armature, contact will be made and the 
circuit connected to the strip d and the spring o closed. 

If, then, a sensitive alternating-current voltmeter ti be 
joined in circuit as shown, and the wires from d and o con- 
nect respectively with the mains h and I from the collector 
rings on the alternator, the voltmeter will indicate at the 
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instant when contact between d and o is made, the value of 
the electromotive force between h and I corresponding to the 
point at which the spring o is placed. By moving the spring 
to different positions on m within the space subtended by 
any one pair of poles as N and 8, the corresponding instan- 
taneous voltages may be determined, and if plotted with ref- 
erence to the positions at which they were obtained will give 
the actual electromotive force curve for the alternator. 

310. By applying the method described in Answer 309 
entirely around a i6-pole alternator, how many curves of 
the shape shown in Fig. 73 would be obtained? 

Since the electromotive force curve a c shown in Fig. 73 was 
obtained by taking voltmeter readings past one pair of poles, 
then with a 16-pole alternator in which there are eight pair 
of poles, there would be eight complete curves, representing 
eight cycles per revolution. 

311. Has the number of cycles delivered by an alternator 
any relation to the " frequency "? 

Yes, the frequency of an alternator is the number of cycles 
it delivers per second. 

312. How can the frequency of an alternator be calcu- 
lated? 

If / represents the frequency, P the number of magnet 
poles and 8 the speed in revolutions per second, then 

^"" 2 • 

313. Calculate the frequency of a i2-pole alternator run- 
ning at a speed of 600 revolutions per minute. > 

According to the problem the number of magnet poles 
JP= 12, and the speed of rotation in revolutions per second, 

5 = 600 -f- 60 = 10. 

Substituting these values in the formula, there results 
The frequency is, therefore, sixty cycles per second. 
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314. What number of poles should an alternator have 
to give a frequency of 120 cycles when running at a speed 
of 720 revolutions per minute? 

Transposing the factors in the formula to obtain the value 
of P, 

S 

Substituting in this formula the values given in the ques- 
tion, the result is 

2X120 _240_ 
720 -T- 60^ 12 "" • 

The alternator should, therefore, have twenty poles. 

315. Give the necessary speed at which a lo-pole al- 
ternator should be operated to give 60 cycles per second. 

Transposing again the factors, this time to ascertain the 
value of s, 

Substituting in this formula the values given in the question, 

_ 2X60 _120_;^ 

The alternator must, therefore, run at 12 revolutions per sec- 
ond, or 720 per minute. 

316. Between what limits do the frequencies in alternat- 
ing-current practice vary? 

Between 25 and 140 cycles per second, depending upon the 
type of apparatus being supplied with the current generated. 

317. Can the actual variations of a single-phase alternat- 
ing current be plotted like those of the electromotive force, 
and do they agree with theoretical conditions? 

The actual variations of the current depend upon the con- 
ditions of the circuit to which the current is supplied; they 
may be represented by a dotted line curve similar to the 
electromotive force curve, such as r n in Fig. 76. This curve 
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differs from the theoretical current curve e c, which is a sine 
curve, in being less uniform and smooth. The curve e c, when 
drawn to correspond in amplitude to the curve rn, as in the 
case of electromotive force, may be used in place of the actual 
current curve to simplify the calculations. 

• 

318. How is the actual current curve of a single-phase 
alternator obtained? 

Referring to Fig. 75, let there be connected between the 
mains h and I a known small non-inductive * resistance, such 
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Fig. 76. — ^Actual and Ideal Curves of Alternating Current. 

as that offered by ordinary incandescent lamps. The cur- 
rent through the lamps thus connected will, in accordance with 
Ohm's law, be proportional to the electromotive force at their 
terminals. If, therefore, each of the instantaneous values of 
electromotive force, obtained as explained in Answer 309, be 
divided by the resistance (in ohms) of the lamps, the results 
will be the corresponding instantaneous values of the cur- 
rent. If these values be plotted with reference to the posi- 
tions at which they were obtained, the points thus found will 
determine the shape of the actual current curve for the alter- 
nator under a non-inductive load. 

* Non-inductive means devoid of electromagnetic induction,. 
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319. Are the variations in electromotive force and cur- 
rent strength not shown by some other way than that de- 
scribed? 

Not in ordinary practice. The effective electromotive force 
is indicated by an instrument termed a ** voltmeter " and the 
effective current strength by an *^ ammeter/' These effective 
values are of chief importance in practical working ; they are 
the geometrical averages of the instantaneous values of the 
electromotive force and current. 

320. What is the relation between the effective electro- 
motive force and the maximum electromotive force shown 
by a curve like that in Fig. 73? 

The effective electromotive force would be 0.7071 of the 
maximum electromotive force if the alternator produced a 
sine curve, and as the actual curve is so nearly a sine curve 
in practice, it is customary to base all calculations on the 
sine curve. The effective current strength is also 0.7071 of 
the maximum, theoretically. 

321. How is this relation obtained? 

If each of the instantaneous values of the electromotive 
force or current be squared, the squares added together, the 
sum divided by the number of instantaneous values taken, 
and the square root of the result extracted, the final result 
will be the effective value, and it will be found to be equal 
numerically to the maximum instantaneous value multiplied 
by 0.7071. Conversely, if the voltmeter reading be divided 
by 0.7071, the result will be the maximum instantaneous 
electromotive force of the alternator or circuit. This is also 
true with respect to the ammeter reading and the maximum 
current strength. 

322. In an ordinary alternating-current circuit is the 
flow of current impeded in any way? 

Practically all electrical circuits contain at some part of 
them apparatus consisting of coils of wire wound on iron 
cores. Such apparatus, as was previously explained in 
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Answer 202, intensifies the effects of electromagnetic induc- 
tion, producing an electromotive force which opposes the 
original or impressed electromotive force, and thereby hinders 
the flow of current. This counter electromotive force, or in- 
ductive electromotive force, which is proportional to the 
square of the number of turns of wire in the apparatus pro- 
ducing it, therefore tends to cause the alternating current to 
lag behind the impressed electromotive force in its changes 
of strength ; in other words, it causes the current to reach its 
maximum value each. time a little later than the impressed 
electromotive force attains its maximum. 

323. Can this be illustrated by a diagram? 
Yes ; the relative values of the electromotive force and cur- 
rent throughout one cycle are shown by the curves in Figs. 77 

E 




Fig. 77. — ^Electromotive Force and Current Curves in a Non-Inductive 
Circuit. 

and 78, the former representing the case of an alternating 
electromotive force and current in a non-inductive circuit, 
and the latter those in an inductive circuit. In Pig. 77 the 
current / is in phase or in step with the electromotive force E, 
the maximum and minimum values of both current and 
electromotive force occurring at the same time. In Fig. 78, 
representing the conditions in an inductive circuit, the cur- 
rent I reaches its maximum and minimum values after the 
electromotive force E has reached these respective values. 
The current in this case, therefore, is not in phase with the 
electromotive force, but lags behind it by a certain amount 
which in Fig. 78 is indicated by the distance between ordi- 
nates a and 0. The distance from a and 0, measured on the 
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horizontal line in degrees (the complete cycle of either electro- 
motive force or current being 360 degrees), represents the 




Fig. 78. — ^Electromotive Force and Current Curves in an Inductive 
Circuit. 

value of the ** angle of lag '' or difference in phase of cur- 
rent behind electromotive force. 

324. Must other than the impressed electromotive force 
be considered in the treatment of an inductive circuit? 

Yes, in every inductive circuit there are three electromotive 
forces to be considered. These are the impressed electromotive 
force applied to the circuit, the inductive electlromotive force 
which opposes the impressed, and the ** working " electro- 
motive force which is the resultant of the impressed and 
inductive electromotive forces. 

325. Represent graphically the relation which these 
three electromotive forces bear to each other. 

Referring to Fig. 79, the curve E represents the variations 
of the impressed electromotive force during one complete 




Fig. 79. — Curves of Impressed, Induced and Resultant Electromotive 
Forces. 

cycle, and the curve Ei the variations of the inductive electro- 
motive force, this latter curve lagging behind the current 
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curve (not shown here) by one-fourth of a cycle or 90 de- 
grees, and being considerably behind the impressed electro- 
motive force curve E, 

The inductive electromotive force curve lags 90 degrees 
behind the current because it is necessarily a maximum when 
the lines of magnetic force induced by the current are chang- 
ing most rapidly, and this occurs not when the current is 
at its maximum, but when it is passing from positive to nega- 
tive, or from negative to positive — crossing the zero line. 
When the current is at its maximum value, the inductive 
electromotive force is zero, so that there is a difference of 
phase of 90 degrees between them. 

The resultant working electromotive force is shown by 
the curve E^ in Pig. 79. This curve is the resultant of the 
impressed electromotive force curve E and the inductive 
electromotive force curve Ei; in other words, any point on 
the curve Ew is above or below the zero line, a distance equal 
to the algebraic sum of the distances from the zero line to 
the curves E and Ei at the corresponding points. When, 
therefore, the curves E and Ei are both above the zero line, 
the sum of their ordinates at any point will give the corre- 
sponding point for the curve Ewy but where E and Ei are 
on opposite sides of the zero line the difference between the 
lengths of their ordinates at any point will be the length of 
the corresponding ordinate of the curve Eut* ' 

326. How does all this affect the current in the circuit? 
It is the resultant electromotive force that determines the 

current in an inductive circuit, and the current is in phase 
with that electromotive force, — ^not with the impressed electro- 
motive force. 

327. Give a formula for calculating the value of an 
alternating current in an inductive circuit. 

li E =: the impressed electromotive force, R = the resist- 
ance of the circuit in ohms, / = the frequency of the electro- 
motive force, L = the inductance of the circuit in millihenrys 
and / = strength of current in amperes, then the f ormida is 
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z = — ^ 



y/B^ + X^ 
In the above equation, X= 6.2832 X f X L. 

328. Is this also the formula for calculating the value 
of an alternating current in a non-inductive circuit? 

It applies to a non-inductive circuit, but in such a circuit 
the value of L is zero because there is no electromagnetic 
induction. Consequently the factor X, which includes L, 
becomes zero, leaving in the denominator simply the ^/^ 

which is equal to R, The formula, therefore, reduces to the 

E 
direct-current formula I =^Sf which was given in Answer 11. 

329. What is the inductance of a circuit? 

Its ability to induce a counter electromotive force. The 
inductance and the electromagnetic induction of a circuit 
are the same. The unit is the henry, or millihenry, defined 
in Answer 37. 

330. What other units are commonly used in alternating- 
current work? 

Capacity, reactance and impedance. Capacity was defined 

in Answer 36. Eeactance is the combined effect of inductance 

and frequency of alternations, and is measured in ohms like 

resistance. It is represented by the letter X, and its relation 

to inductance and frequency was shown in Ailswer 327. 
< 

331. What is impedance? 

The combined effect 0? resistance and rea ctance. I n the 
formula given in Answer 327 it is the V R^ + X^. In 
alternating-current work it bears the same relation to electro- 
motive force and current that resistance does in direct-current 
work. Thus, representing impedance by Z, impressed electro- 
motive force by E and strength of current by /, the value of 
the alternating current in any circuit is found by the equation 

E E 

7=-^. The impedance is Z = -7- and the electromotive 
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force required to force a given current through a given im- 
pedance is E -^ly^z. 

The relation between resistance R, reactance X and im- 
pedance Z is given by the formulas 



X= y/Z^ — B' 



Z= y/R^XXK 

332. Calculate the value of an alternating current hav- 
ing a frequency of 60 cycles in a looo-volt inductive circuit 
in which the resistance is 11 ohms, and the inductance 50 
henrys. 

These figures give the following values to the symbols in- 
volved: i? = 1000; B = ll; i = 0.05; /=:60. Prom the 
two latter, X as defined in Answer 327 equals 6.2832 X 60 X 
0.05 = 18.85 ; this is the reactance of the circuit. The im- 
p edance Z, which according to the formula in Answer 331 is 
}/R^ + X\ is therefore 

y/W+lsW = 21.83 ohms. 

The current that 1000 volts would force through this im- 

JE 

pedance is ^, as was also explained in Answer 331, which is 

1000 1000 

^~Z~ ^^ 2183 ~ ' amperes. 

333. Determine the impressed electromotive force neces- 
sary to force a current of 25 amperes through a circuit in 
which the reactance measures 6 ohms, and the resistance 
14 ohms. 

The resistance and reactance being 1 4 and 6 • ohms re- 
spectively, the impedance Z, which is \/ R^ -{- X^ , will be 
V 14* + 62 = 15.23 ohms. As E = IXZ from the answer 
to Question 331, the impressed electromotive force required 
to force 25 amperes through this impedance would be 25 X 
15.23 = 380.75 volts. ^^^^^ 

334. If a circuit had a resistance of 5 ohms and a voltage 
of 1000 produced in it a current of only 125 amperes, 
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how much inductance would the circuit contain, the fre- 
quency being 60 cycles? 

E 

The impedance Z = — from Answer 331, and in this case 

m ust be 1000 -4- 125 = 8 ohms. The r eactance Z = 
y/Z^ — B^ must be equal to \/ 64 — 25 = 6.245 ohms. 

Since X = 6.2832 X / X J^, then L = Z -4- 6.2832 X /, or 

6.245 
^ = /? oQoo vx r>n » which gives 0.016565 millihenry for the 

o.Zoo^ X oU 
inductance. 

335. Then in order to ascertain the inductance of a 
circuit, it is necessary to determine first the impedance 
and then the reactance? 

Not strictly necessary, but it is usually desirable to know 
both; if one desires to calculate the inductance L from a 
single formula, the following can be used, but it does not 
save any work over the method just explained: 



6.2832 X// 

336. Show the application of this formula by determin- 
ing the inductance of a circuit having a resistance of 10 
ohms if a current of 5 amperes results from an impressed 
electromotive force of 60 volts, the frequency of the current 
being 25 cycles. 

Substituting t he given va lues in the formula there results : 

y/ 60^ — 50^ 
^ = 6.2832 X 25 X 5 = ^-^^^2 miUihenrys. 

The inductance of the circuit under normal working condi- 
tions is, therefore, 0.0422 miUihenrys. 

337. Can the power expended in an alternating-current 
circuit be represented graphically? 

Yes. In Fig. 80 the electromotive force is represented by 
the curve E and the current by the curve I. If the corre- 
sponding instantaneous values of electromotive force and cur- 
rent as indicated by the curves E and / be multiplied together 
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at close intervals, and the values t^us obtained be represented 
by points on the diagram, account being taken of the positive 
or negative sign of the product so that the positive values 
may be plotted above and the negative values below the 
zero line, m w, a curve drawn through the points thus obtained 
will represent the power in the circuit in watts. 

The curve P in Fig. 80 was plotted in this way. This 
curve takes into account the effect caused by the current 




Fig. 80. — Electromotive Force, Current and Power Curves in a Wholly 
Inductive Circuit. 



being out of phase with the electromotive force, whereas if 
the respective values of voltage and current were measured 
by a voltmeter and an ammeter, the independent mean effect- 
ive values of both would be obtained, and their produce would 
have to be diminished by multiplying by a number called 
the ** power factor '' in order to take into account the phase 
difference between the current and the electromotive force. 

338. Explain the conditions represented by the power 
curve in Fig. 80. 

That portion of the power curve lying above the zero line 
m n represents positive power, and is the power sent out by 
the generator. That portion of the power curve below the 
zero line represents negative power, or the power returned 
to the generator and tending to drive it as a motor, on ac- 
count of inductive apparatus in the circuit. The real power 
obtained is the difference between the areas enclosed by the 
positive and negative portions of the power curve. It is of 
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course desirable to have the positive power in any circuit 
large in comparison with the negative power, but if the con- 
ditions of the circuit be such as to cause a difference of phase 
of a quarter of a cycle (90 degrees) between the electro- 
motive force and current, as in Fig. 80, the amount of posi- 
tive power will be equal to that of negative power, so that 
the actual power in the circuit will be zero. Under such 
conditions the electromotive force is often spoken of as * * watt- 
less,'' the current as ** wattless '' and the power as ** watt- 
less.'' At the same time, however, the wires may be carrying 
their full load current and be unable to carry more on an 
account of an abnormal rise of temperature in them. The 
term ** useless " is much better than ** wattless " for this 
reason. 

339. Under what working conditions will the propor- 
tion of useless power in an alternating-current circuit be 
maximum? 

When the circuit contains only electromagnets, condensers 
or other apparatus having great inductance or *' capacity." 

340. Under what working conditions will the proportion 
of useless power in an alternating-current circuit be min- 
imum? 

When the circuit contains only incandescent lamps, or 
other non-inductive and non-condensive apparatus. Under 
such conditions the current will be in phase with the im- 
pressed electromotive force, and the power curve will lie 
entirely above the zero line. There will then be no ** watt- 
less " or useless power, for no power will be returned to the 
generator. 

341. What is the "power factor" of a circuit referred 
to in Answer 337? 

It is the ratio of the actual power to the apparent power 
or product of the impressed electromotive force and cur- 
rent as measured separately by a voltmeter and an ammeter. 
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342. Can the power factor of an alternating-current cir- 
cuit be determined experimentally? 

Yes; by measuring simultaneously the impressed electro- 
motive force with a voltmeter, the current with an ammeter 
and the power with a wattmeter. The voltmeter and ammeter 
measure respectively the mean effective values of electro- 
motive force and current, as previously explained, and the 
product of these values gives the apparent power of the 
circuit. The wattmeter measures the average value of the 
product of the instantaneous electromotive forces and cur- 
rents, and thus gives the true power of the circuit. Dividing 
the value indicated by the wattmeter by the value found for 
the apparent power gives the power factor of the circuit. 

343. Is the true power ever greater than the apparent 
power? 

No. When there is any difference, the true power is always 
the smaller; consequently the power factor is always less 
than unity when the current and electromotive force are 
out of phase. 

344. Is the value of the power factor taken into account 
in the construction of a generator? 

No, the generator is designed to carry the full load current 
and the full load voltage in phase with each other, because 
it cannot usually be determined in advance what conditions 
will exist in the circuit to be supplied. 

345. What is meant by apparatus having ** capacity/' 
as referred to in Answer 339? 

If a thoroughly insulated conductor be connected to a 
generator or any source of electrical energy, a uniform dis- 
tribution of potential quickly occurs, all parts of the con- 
ductor immediately becoming of the same potential as that 
of the source of supply. To accomplish this result necessi- 
tates the transfer of a certain quantity of electricity. The 
amount of electricity which, under these conditions, can be 
taken by a body is a measure of its ** capacity." The unit 
of capacity is the farad, as explained in Answer 36. 
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346. Upon what does the capacity of a conductor de- 
pend? 

Upon its size and shape; also upon the size, shape, close- 
ness and insulation of neighboring conductors ; and upon the 
nature of the substance (called the ** dielectric '.') that sepa- 
rates the conductor from neighboring conductors. By in- 
creasing the surface of the conductor and diminishing the 
distance between it and neighboring conductors the capacity 
is increased. 

347. What is a condenser? 

An arrangement of conductors for obtaining the greatest 
possible capacity. One of the commonest forms of condensers 
consists of a number of sheets of tinfoil separated by thin 
sheets of mica. The sheets of tinfoil constitute the con- 
ductors and the sheets of mica the dielectric. 

348. Describe the action of a condenser in an alternat- 
ing-current circuit. 

Fig. 81 represents diagrammatically a condenser, c, supplied 
by an alternator, a. When the electromotive force of the 



a 




Fig. 81. — Diagram of Alternator in Circuit with Condenser. 

alternator rises from zero in the positive direction, current 
flows into the condenser and ** charges " its sheets; as soon 
as the impressed electromotive force passes the maximum 
point and begins to diminish, the condenser begins to dis- 
charge into the circuit, and when the impressed electromotive 
force rises in the negative direction the condenser again be- 
comes charged, but in the opposite direction, corresponding 
with the reversal of the electromotive force. This charging, 
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discharging and reverse charging and discharging goes on 
as long as the alternating electromotive force is supplied. 

349. What is the effect of a condenser upon the circuit 
in which it is connected? 

The condenser expedites the flow of current, so that the 
current in the circuit actually attains its maximum and zero 
values before the impressed electromotive force does. In 
other words, the current ** leads '' the electromotive force 
instead of lagging behind it, as it does in an inductive circuit. 

PRINCIPLES GOVERNING POLYPHASE 

CURRENTS 

350. Do polyphase alternating currents differ from 
single-phase alternating currents? 

Not in themselves. A polyphase alternating current is a 
combination of two or more single-phase currents which differ 
from each other in phase. Polyphase currents possess the 
advantage over single-phase currents in that less copper need 
be used for line wires in the transmission of a given amount 
of power at a certain loss. 

351. Is there more than one kind of pol3^hase current? 

Yes, there are at least two common forms of pol3T)hase cur- 
rents, one called a *' two-phase " current, which comprises two 
single-phase currents displaced from each other in phase by 
90 degrees, and another form called a three-phase current, 
which comprises three single-phase currents displaced from 
each other in phase by 120 degrees. 

352. Are two-phase and three-phase currents referred 
to by any other names? 

A two-phase current is sometimes called a ** quarter- 
phase ' ' current. A three-phase current has no other common 
name. 

353. Can the variation of a two^phase current be repre- 
sented graphically? 

Yes, the variation of a two-phase current throughout one 
cycle is shown in Fig. 82. 
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354. Explain how two-phase currents are obtained in 
practice. 

To produce two-phase currents requires merely a modifica- 
tion of the single-phase alternator previously, described. If 
midway between the armature coils of a single-phase alter- 
nator a second similar winding be placed and the two wind- 
ings be kept separate from each other, the two terminals 
from each being carried to individual collector rings, there 




Fig. 82. — One Cycle of a Two-Phase Current. 

will be in the working conductors connecting with these 
collector rings (through brushes) two single-phase currents 
or a two-phase current, as represented in Fig. 82. This 
arrangement of armature windings causes the electromotive 
force induced in the one to reach a maximum 90 degrees, or 
a quarter of a cycle, ahead of that induced in the other; 
in other words, when the electromotive force in the one wind- 
ing is a maximum that in the other winding is a minimum, 
and vice versa. 

355. Could not two single-phase alternators be used to 
produce two-phase currents? 

Yes, if the armatures of two single-phase alternators were 
similarly wound, properly spaced with respect to each other 
and rigidly held together, two-phase currents could be ob- 
tained from them. They should be similarly wound so that 
the electromotive forces developed by both would be the same 
when operated at the same speed. The armature of the one 
alternator must be spaced with respect to that of the other 
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SO that when the coils in the one armature are opposite the 
field magnet poles, those in the other will be midway between 
poles ; this will produce a phase diflference of 90 degrees be- 
tween them. The armatures of the two alternators would 
have to be securely couplefi together to maintain the proper 
adjustment between them and to ensure their running at the 
same speed. 

356. Is this method of obtaining two-phase currents 
used in practice? 

Not regularly. It might be used in an emergency, but it is 
not as eflficient or as cheap a method for the purpose as is 
the use of two windings on a single armature core, and is 
therefore not used ordinarily. 

357. How many working conductors or line wires are 
used to transmit two-phase currents? 

There are two methods of transmitting two-phase currents. 
In one method four wires are used, as shown in Fig. 83. 
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Fig. 83.— Two-Phase, Four-Wire System. 

Here a represents one of the armature windings of a two- 
phase alternator and 6 the other armature winding. Each 
of these windings in the four-wire transmission method is 
connected to a separate pair of line wires, and from the two 
independent circuits mn and sr thus formed, lamps e, or 
other devices, may be operated. 

In the second method only three line wires are employed. 
This arrangement is shown in Fig. 84. The inner terminals 
of the two armature windings a and 6 are joined together, 
and instead of a line wire connected to each of them, a single 
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conductor suflSces. This single conductor c therefore serves 
as a common return for the currents in the two outer line 
wires m and r. » 

358. What advantage does either method of transmit- 
ting two-phase currents possess over the other method? 

The three-wire method is preferable to the four-wire method 
in that, owing to there being but three line wires instead of 
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Fig. 84.— Two-Phase, Three-Wire System. 

four, less copper wire is required to transmit a given amount 
of current, but the saving is not sufficient to compensate for 
the lesser flexibility of this method as compared with the 
four-wire method. 

359. What are the voltages between the line wires of 
a four-wire two-phase system with respect to those in the 
armature windings? 

Referring to Fig. 83, the voltage between the line wires 
m ti is equal to that developed in the armature winding a less 
that lost in overcoming the resistance, and the voltage between 
the line wires 5 r is equal to that developed in the armature 
winding b, less that lost in overcoming the resistance. Inas- 
much as the design of the alternator is such that the voltages 
developed in a and b are equal, the voltage between the line 
wires m and n is equal to that between the line wires s and r 
when the resistance losses in the two branches are equal. 
Since the two circuits are independent of each other, there 
is no voltage between any line wire of the one branch and 
any line wire of the other branch ; neither is there any volt- 
age between the two armature windings of the alternator. 
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360. What voltages are there between the line wires of 
a three-wire two-phaise system with respect to those devel- 
oped in the armature windings? 

Referring to Fig. 84, the voltage between the line wires 
m and c is the same as that between the line wires r and c, 
and each is equal to the voltage developed in either of the 
armature windings, less that lost in overcoming resistance. 
The voltage between the line wires m and r is greater than 
that between m and c or between r and c, but is less than 
their sum because these voltages differ in phase. The rela- 
tion is best shown by a diagram. Referring to Fig. 85, the 




Fig. 85. — Diagram showing the Relation between Voltages in a Two- 
Phase, Three- Wire System. 

line cm represents by its length the voltage developed in 
the armature winding a, Fig. 84, and the line c r in Fig. 85 
represents by its length and position with respect to c m the 
respective value and phase of the voltage developed in the 
armature winding 6, Fig. 84. The line joining the points 
m and r will therefore represent by its length, as measured 
by the same scale as the lines c m and c r, the value of the 
voltage between the wires m and r, Fig. 84. 

Since the voltages represented by the lines c m and c r are 
90 degrees apart, the angle m c r is a right angle, and accord- 
ing to a simple rule in geometry the line mr is then 1.414 
times the length of either ,c m or c r. That is to say, if 1000 
volts be developed in either winding of a two-phase alter- 
nator, the electromotive force between the outer lines of a 
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two-phase three-wire system will be 1.414 X 1000 = 1414 
volts. 

361. Are the voltages always the same in both branches 
of a two-phase system? 

Unless the currents in the two outside wires are equal, 
the system will not be balanced and the voltages in the two 
branches will be different. Owing to the diflSculty of secur- 
ing proper regulation of voltage in the two branches, it is 
quite necessary with a lighting load to have whatever lamps 
are connected equally distributed on the two sides of the 




Fig. 86.— One Cycle of a Three-Phase Current. 

central return conductor. But even though the lamps be thus 
connected up, it is a difiScult matter to have those that are 
burning at any given time equally divided. 

362. Cannot the circuits be connected to balance auto- 
matically? 

If the lamps are connected across the outside wires the 
matter of balance is eliminated, but in this case the output of 
the alternator will be greatly reduced because its two arma- 
ture windings will then be acting in series and differing in 
phase. With a motor load alone, there is no difficulty in 
maintaining the same voltage in both branches. 

363. Can the variation of a three-phase current be 
represented graphically? 

Yes, the variation of a three-phase current throughout one 
cycle is shown in Fig. 86 by the curves d, e, f. These curves 
are equally spaced 120 degrees apart, and as in the case of 
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a two-phase current each of these component currents results 
from a separate set of coils on the armature. 

364. How are three-phase currents obtained in practice ? 
By dividing the space occupied by the armature coils of 

an alternator into three equal parts and putting on three 
equally spaced windings, each composed of the same size wire 
and the same number of turns as each of the other two 
windings. 

365. How are the armature windings of a three-phase 
alternator connected with respect to the wires of a trans- 
mission line? 

The armature windings of a three-phase alternator are 
joined either in ** star '' or ** mesh '' connection with the 
line wires. 

366. Illustrate and describe the star three-phase con- 
nection. 

The star connection is shown in Fig. 87, in which a, 6 and c 
represent the three windings in the armature of a three- 
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Fig. 87. — Three-Phase Star Connection. 

phase alternator, and A, B and C tbe wires of the transmis- 
sion line. Incandescent lamps are connected to the wires as 
shown. Referring to the armature windings of the alter- 
nator, one end of each of these is taken and the three ter- 
minals joined together, as shown at n, forming a neutral 
point. The three remaining terminals are connected one to 
each line wire. With this arrangement, each of the three 
line wires serves in turn as the outgoing and return wires 
of the system. 
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367. What is the relation between the currents in the 
armature windings of a star-connected three-phase alter- 
nator and those in the line wires? 

The current in each line wire is exactly the same as that 
in the armature coil to which that line wire is connected. 

368. What relation exists between the voltages devel- 
oped in the armature windings of a star-connected three- 
phase alternator and those between the line wires? 

The three armature windings a, b and c, Fig. 87, being the 
same in design, and all three being rotated at the same speed 
in the field of the alternator, they have equal electromotive 
forces induced in them. Between the neutral point n and 
each of the three line wires there will, therefore, be equal 
voltage. The voltage between the line wires, however, is not 
the same as that developed in any one of the armature wind- 
ings, nor is it equal to the sum of the voltages developed 
in any two of them. Referring to Fig. 88, let the lines n d, 

d fi 



Fig. 88. — Diagram showing the Relation between Voltages in a Three- 
Phase, Star-Connected System. 

ne and nf represent by their lengths the voltages in the 
respective armature windings, a, b, c, and by their directions 
with respect to each other the phase displacement between 
these voltages. As the lines are equally distant from each 
other and all of the same length, lines joining their extremi- 
ties will be equal in length. If these junction lines be meas- 
ured by the same scale that was used in drawing the radial 
lines nd, ne and n f, their length will represent the number 
of volts between the line wires. 
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It can easily be proved by geometry that the length of each 
of the junction lines, such as d e, is 1.732 times the length of 
any one of the radial lines, and it therefore follows that the 
voltage across any two of the line wires of a three-wire three- 
phase system is 1.732 times the voltage developed in any one 
of the armature windings of a star-connected alternator. 
In other words, a 1000-volt three-phase star-connected alter- 
nator will deliver across the line wires, assuming a negligible 
resistance loss, 1732 volts. 

369. Illustrate and describe the mesh three-phase con- 
nection. 

The mesh connection is shown in Fig. 89, a, h and c, repre- 
senting the three windings in the armature of a three-phase 




B 

C 




Fig. 89. — Three-phase Mesh Connection. 

alternator, and A, B and C the wires of the transmission line. 
Incandescent lamps are connected to the wires as shown. The 
armature windings of the alternator are connected in a closed 
circuit, and the line wires make connection with them at the 
points of junction. 

370. What relation exists between the voltages devel- 
oped in the armature windings of a mesh-connected three- 
phase alternator and those between the line wires? 

All of the three armature windings are the same in design, 
and all three being rotated at the same speed in the field of 
the alternator have equal electromotive forces induced in 
them. As between any two of the line wires there is but one 
armature winding, the voltage between any two of the line 
wires is equal to that induced in any one armature winding 
less the voltage required to overcome the resistance. 
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371. What is the relation between the current in each 
of the armature windings of a mesh-connected three-phase 
alternator and that in each of the line wires? 

The same relation exists between the current in each of 
the armature windings and that in the line wires of the 
mesh-connected system as that between the voltages devel- 
oped in each of the armature windings and that across the 
line wires in a star-connected system. While in the former 
case resultant electromotive forces were obtained, in this case 
resultant currents are obtained. Therefore, for each ampere 
of current in each armature winding of a mesh-connected 
three-phase alternator, there will be 1.732 amperes of current 
in each of the line wires. 

372. Are there any special advantages possessed by the 
star and the mesh connections over each other? 

Yes ; in the star connection there is a lower voltage between 
the armature windings of the alternator for a given voltage 
on the line, and therefore less tendency for the armature in- 
sulation to become punctured. On the other hand, with the 
mesh connection, since the voltage in each armature winding 
is the same as that across the line wires, the line vgltage re- 
mains more constant and is less affected by disturbing 
conditions. 

373. Would there be any difference in the general design 
of the armature windings for an alternator whether star 
connected or mesh connected? 

Yes ; for a given voltage between the line wires, the arma- 
ture windings on a star-connected alternator would consist 
of fewer turns of larger wire than if used in mesh connection. 

374. What are the proportions of copper needed in the 
line wires for transmitting a certain amount of electrical 
power at a given loss with the different alternating-current 
systems so far described? 

Taking the single-phase alternating-current system as the 
standard for comparison, and giving it a percentage of 100, 
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the percentages of copper required for the other systems 
already described are as follows: 

Single-phase system 100 per cent. 

Two-phase four-wire system 100 per cent. 

Two-phase three-wire system 86 per cent. 

Three-phase star-connected system 75 per cent. 

Three-phase mesh-connected system ... 75 per cent. 

375. Are the two-phase and three-phase systems as sat- 
isfactory as the single-phase system with respect to prac- 
tical operation? 

For the supply of Iqmps they are equally satisfactory. For 
the operation of motors the two-phase and three-phase sys- 
tems possess an advantage over the single-phase system be- 
cause polyphase motors give less difficulty than single-phase 
motors in starting under load, and they are somewhat lighter 
in weight. 



ALTERNATING-CURRENT 
GENERATORS 

PRINCIPLES GOVERNING THEIR ACTION 

376. What are the essential differences between a gen- 
erator producing alternating current and one producing 
direct current? 

The armature winding is not connected to a commutator, 
so that the current in the winding is not changed to a direct 
current; the winding is so arranged that a higher electromo- 
tive force is generated; the field magnet has a large number 
of poles, and its winding is usually supplied with current 
from a separate source — ^that is, the field magnet is sepa- 
rately excited. 

377. How is the armature winding made to generate a 
high electromotive force? 

By making it of a large number of conductors connected 
all in series, so that the electromotive forces induced in them 
are added. In some cases, one-half of the conductors are in 
series, the winding being divided into two parallel sets of 
conductors, as in a bipolar direct-current dynamo, except that 
there are no commutator taps. Fig. 90 is a diagram of an 
alternating-current generator (called alternator, for short) 
with a series armature winding, and Pig. 91 illustrates dia- 
grammatically the two-path winding. 

378. Is there any other feature that contributes to the 
high electromotive force of an alternator? 

Yes; the revolving part is driven at a much higher 

peripheral speed than the armature of a direct-current 

machine. 
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379. What is the object of connecting the armature 
winding in two parallel groups, as in Fig. 91 ? 

In order to obtain a lower electromotive force and a larger 
current capacity. For example, if the machine in Fig. 90 




Fig. 90. — Diagram showing General Arrangement of a Series Arma- 
ture Winding on an Alternator. 

produced 2300 volts, and had a capacity of 25 amperes, 
changing the connections of its armature winding to the 
two-path arrangement illustrated in Fig. 91 would change 
the output of the machine to 1150 volts and 50 amperes, 
without requiring any change in its speed or power. 

380. Why is a large number of field-magnet poles em- 
ployed? 

In order to obtain rapid reversals of the electromotive 
force without using excessive armature speed ; the multipolar 
field magnet also makes the armature more ejffective in gen- 
erating electromotive force and reduces the weight of the 
machine per unit of output. 

381. What is the relation between the number of field- 
magnet poles and the reversal of electromotive force? 

The electromotive force reverses every time an armature 
coil passes a magnet pole; that is, whenever the two ** sides " 
of a coil pass under a pair of magnet poles. Therefore, the 
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number of reversals per minute is equal to the number of 
magnet poles multiplied by the revolutions per minute. 

382. Why are rapid reversals desirable? 
Because the apparatus that receives current from an 
alternating-current circuit is lighter in weight the higher the 




Fig. 91. — Diagram showing General Arrangement of a Parallel Arma- 
ture Winding on an Alternator. 

rate of reversal, excepting incandescent lamps. These, how- 
ever, require a high rate of current reversal in order not to 
show the reversals by flickering. 

383. How many reversals per minute are employed in 
practice? 

For incandescent lighting alone, from 7200 to 16,000 per 
minute. When motors are supplied alone, the rate of re- 
versal is from 3000 to 7200. Two reversals are called a 
*' cycle," and it is customary to rate the reversals in ** cycles 
per second." Hence, 3000 reversals per minute would be 
called ** 25 cycles per second," 7200 reversals ** 60 cycles 
per second," and so on. 

384. What do the circles in the center of Fig. 91 repre- 
sent? 

Metal rings, called '* collector rings," mounted on the arma- 
ture shaft. The armature winding is connected to these, and 
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two brashes, hh, held in stationary supports, press against 
them« This arrangement serves to connect the revolving 
winding with the external circuit. 

385. Why are the rings of di£Ferent diameters? 

They are not, in practice; in the diagram they are shown 
so in order to prevent confusion. In the actual machine 
the rings are mounted side by side on blocks of insulating 
material. 

386. How is the armature winding arranged on the 
core? 

There are several ways of arranging it. Fig. 92 shows 
part of a '* developed " winding of the loop or coil tyi)e, 
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Fig. 92. — Single-Phase Armature Winding of the Loop or Coil Type. 



and Pig. 93 shows that part of a zigzag winding similarly 
'* developed.'* In both eases there are two conductors per 
magnet pole, but in Fig. 92 the four conductors under each 
pair of poles, beginning at the left, are wound into a coil, 
and the several coils are connected at c, c, etc. (the whole 
winding is not shown), whereas in Fig. 93 two conductors, 
one under each of a pair of adjacent magnet poles, constitute 
an element of the winding, and each element is connected 
to the one under the next adjacent pair of poles; the con- 
necting points are indicated by c, c, etc. 

387. What is a developed winding? 
If an armature winding could be lifted off the core, like 
a barrel hoop, cut straight across (parallel to the axis of the 
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armature) and opened out flat, it would be ''developed." 
The diagram of a developed winding, however, also shows 
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Fig. 93. — Single-Phase Armature Winding of the Zigzag Type. 

the relative positions of the field-magnet poles and the wind- 
ing at some one instant, as in Pigs. 92 and 93. 

388. When are loop or coil windings used? 

When the armature is to give a very high electromotive 
force, and it is therefore desirable to use coils each contain- 
ing several turns of wire. 

389. When are zigzag windings employed? 

When relatively low voltage and large current output is 
to be obtained; then the winding usually consists of heavy 
copper bars (which cannot readily be ** wound ")> formed 
into open loops and connected up at both ends, as indicated 
in Pig. 93. 

390. What kind of current do the windings in Figs. 90, 
91, 92 and 93 deliver? 

Single-phase alternating current. 

391. How is the winding arranged on a two-phase al- 
ternator? 

A two-phase armature winding usually consists of two 
single-phase windings arranged so that the individual loops 
or coils of the windings are ** staggered '' with respect to 
each other. This is illustrated in Pig. 94, where the coils of 
one winding are shown in solid lines and those of the other 
in dotted lines. 

392. Why are the two windings staggered? 

In order that two-phase electromotive forces and currents 
may be obtained. When one set of coils is opposite the cen- 
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ters of the magnet poles, and its electromotive force there- 
fore maximum, the other set is midway between poles, and 
therefore generating no electromotive force. 

393. How are the windings connected to the collector 
rings? 
There are two pairs of rings, and the terminals of each 
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Fig. 94. — ^Two-Phase Armature Winding. 

winding are connected to one pair, as in the case of the single- 
phase winding. 

394. How is a three-phase winding arranged? 

There are two ways of arranging it; one using narrow 
coils, and the other using coils of a width equal to the dis- 
tance from center to center of adjacent poles, as in the 
previous cases. There are three distinct sets of coils, each 
located with respect to the field-magnet poles exactly like a 
single-phase winding, which it practically is. Pig. 95 shows 




Fig. 95. — Three-Phase Armature Winding with Narrow Coils. 

part of a developed three-phase winding with narrow coils, 
and Fig. 96 is the corresponding diagram for full-pitch coils. 
One set of coils is represented by the heavy black lines, an- 
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other by the thin double lines and the coils forming the third 
set by the dotted lines. 

395. What are the relative advantages and disadvan- 
tages of the two methods of arranging the three-phase 
winding? 

The advantage of the narrow-coil winding is that the coils 
do not lap each other, and the winding is therefore less com- 
plicated mechanically. It has the disadvantage, however, 




Fig. 96. — Three-Phase Armature Winding with Full Pitch Coils. 

that the two sides of each coil do not pass the centers of 
adjacent magnet poles at the same instant, so that the electro- 
motive force is not as high as in the full-pitch winding, other 
things being equal; the curve of the electromotive force is 
also affected, being considerably dijfferent from a sine curve, 
which is the desired shape. The advantage of the full-pitch 
winding is the elimination of the disadvantage of the narrow- 
coil winding, and its disadvantage the lapped coils. 



MANAGEMENT AND OPERATION 

396. Does the management of alternating-current gen- 
erators differ materially from that of direct-current gen- 
erators as previously described? 

Not when the machines are operated on individual circuits. 
On account of the peculiar nature of alternating currents, 
however, and the higher voltages developed in alternators, 
greater care must be taken to prevent damage to the insu- 
lation. 
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397. How are the field magnets of alternators usually 
excited? 

By direct current passing through a single field winding, 
and obtained either from a separate direct-current 'gener- 
ator or from the alternator itself. In the former case the 
alternator is *' separately excited "; in the latter case it 'is 
termed ** self -excited." 

398. How can direct current be obtained from an al- 
ternator? 

By mounting on the alternator shaft a small direct-current 
generator or through the use of a separate winding poiyiected 
to a commutator on the alternator shaft. 

399. Do separately-excited alternators possess any ad- 
vantages over self-excited alternators? 

Yes; when the field current is obtained from a separate 
source there is better control of the alternating voltage de- 
veloped. 

400. Should an alternating-current generator be belt- 
driven or direct connected? 

Owing to the fiuctuations of voltage that are likely to occur 
from the slipping of the belt, it is preferable to havie the 
alternator direct-connected to its source of power, and the 
exciter direct-connected to the shaft of the alternator. 

401. Are alternators liable to give as much trouble as 
direct-current generators? 

No ; they are less liable to give trouble, owing to the absence 
of commutation (as distinguished from rectification) and the 
simple, durable construction of the armature. The troubles 
that do occur generally appear in the field circuit, and for 
these either the exciter or the rectifier is usually responsible. 
The exciter, being a direct-current generator, is subject to 
all the defects previously mentioned for this type of ma- 
chine. The remedies already given for such trouble are 
generally applicable in this case. 
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402. How should an alternator be started? 

It must be first brought up to its rated speed; the field 
should then be excited by closing the switch connecting the 
exciter with the field windings, the rheostat in the field cir- 
cuit having all its resistance cut in. By gradually cutting out 
the resistance of the rheostat, the voltage of the alternator 
may then be brought up to the normal value. In placing load 
on the machine, care should be taken to introduce it gradu- 
ally. On account of the high inductance of the armature 
winding it is also advisable not to subject the machine to 
sudden changes in load, as the self -induced electromotive force 
might puncture the insulation. 

403. How should an alternator be stopped? 

First, the load must be gradually reduced; under no cir- 
cumstances should the armature circuit of an alternator 
carrying full load be opened suddenly, on account of the 
danger of the high inductive electromotive force puncturing 
the insulation. Next, the resistance of the rheostat in the 
field circuit of the alternator should be gradually introduced 
so as to cut down the alternating voltage developed. When 
all the resistance in the field rheostat has been introduced, 
the main switch is opened and the prime mover shut down. 

404. Can alternators be operated in parallel? 

Yes ; if their voltages are equal, their frequencies the same 
and they be in step with each other when connected up. The 
case is roughly similar to that of two persons walking side 
by side; they should be moving at the same speed, have the 
same length of step and each should be in step with the 
other. 

405. Explain how the conditions for parallel operation 
are satisfied when it is desired to connect an idle alternator 
in parallel with one or more machines already in use? 

Referring to Fig. 97, suppose the alternator a to be run- 
ning and supplying current through the switch s to the cir- 
cuit 6 d. Also that the alternator c is to be put in parallel 
with a for sharing the load within the circuit b d. The first 
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move would be to start up the alternator c and run it up 
almost to proper speed to give the same frequency as the 
alternator a. Maintaining this speed, its field should then 
be excited until the voltage between its terminals r and v 
becomes equal to that between the terminals m and n of the 
alternator or alternators already in operation. 

Before closing the switch w, the alternators must be ex- 
actly in phase with each other; that is, their electromotive 
forces must be at corresponding points of their curves at the 
same instant. This condition is obtained by increasing the 
speed of the alternator c very gradually until its frequency 
is almost identical with that of the alternator a; then there 
will be, at regular intervals, moments when the electromotive 
force curves of the alternators will be at identical points. 
At one of these instants the switch w must be closed, thus 
connecting the two machines a and c together in parallel on 
the circuit 6 d. If the switch w has been closed at the proper 
instant, the machines will remain in step and continue to 
run as smoothly as direct-current generators in parallel. 

406. What means are employed in practice to determine 
when the moments of agreement in the electromotive forces 
of two alternators occur, so that they may be switched in 
parallel? 

A device called a ** synchronism indicator " is used. When 
the alternators are of comparatively low voltages, such as 
110 volts, for example, the synchronism indicator may con- 
sist of the simple arrangement of incandescent lamps shown 
in Pig. 97. Two 110-volt lamps e e are connected, each be- 
tween the corresponding machine terminals which are later 
to be switched together. When the two alternators are 
in phase with each other there is no difference of potential 
between the terminals m and r, nor between n and v; conse- 
quently, neither of the lamps is lighted. When the alter- 
nators are not in phase there is a difference of potential 
between the terminals m and r and the same difference be- 
tween n and v, so that the lamps are lighted. 
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The brilliancy of the light emitted indicates the extent to 
which the alternators are out of phase; thus, when the ma- 
chines are exactly opposite in phase the lamps will be sup- 
plied with 110 volts and give full candle-power, whereas when 
they come nearer in phase the light will diminish, changing 
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Fig. 97. — Connections for Synchronizing Low-Potential Alternators. 

color gradually from a bright yellow to a dull red. When 
the glow of the lamps disappears entirely, the switch w may 
be closed, connecting the alternators in parallel. 

407. With high-pressure alternators, what form of syn- 
chronizing device is used? 

Transformers are sometimes used in connection with in- 
candescent lamps as shown in Pig. 98. The transformers 
have their primary windings a and c connected, the one to 
the working alternator m and the other to the idle alternator 
n. The secondary windings r and s of the transformers and 
the incandescent lamps e e, are connected in series and in 
such a way that when the alternators are in phase the cur- 
rents induced in the transformer secondaries oppose each 
other. With 110-volt lamps and transformer secondaries 
giving 110 volts each, the lamps will be dark when the alter- 
nators are in phase, and they will be fully lighted when 
the machines are exactly opposite in phase. 
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A single transformer having two primary windings and 
one secondary winding is commonly used for the purpose 
and is called a synchronizing transformer. In this case the 
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Fig. 98. — Connections for Synchronizing High-Potential Alternators. 

primary windings are connected in opposition to each other, so 
that the lamps in the secondary circuit will be dark when the 
alternators are in phase. 

408. In case the filament in one of the lamps should 
break during the process of synchronizing, how would this 
affect matters? 

There would be a possibility of closing the switch at the 
wrong time and thus causing damage. For this reason either 
a second lamp is connected in parallel with each synchronizing 
lamp to serve as a check, or else the transformer windings 
are connected so that when the machines are in phase the 
lamps light to full brilliancy, and when they are opposite 
in phase the lamps are dark. 

409. Is there no objection to the latter method? 

The only objection is that it is somewhat difficult to deter- 
mine the instant at which the lamps attain their full 
brilliancy. 

410. In case the switch connecting the idle alternator in 
parallel with the loaded alternator were closed sooner or 
later than it should be, what damage would be done? 
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The armatures of the two alternators would partially short- 
circuit each other, causing abnormal currents to flow between 
them. These currents might be sufficiently heavy to cause 
considerable damage before the circuit breakers opened the 
connecting circuit. The working of the loaded alternator would 
be seriously disturbed even if the machine were not damaged. 

411. After the switch connecting the two alternators in 
parallel has been closed correctly, what remains to be done? 

The load must be equally divided between the machines; 
this is done by increasing the driving power of the incoming 
alternator until it assumes its proper share of the load. But 
little control over the load can be obtained by means of the 
field rheostats, although these must be kept adjusted so that 
the normal voltage of the circuit is being developed. 

412. How should an alternator operating in parallel with 
others be disconnected from circuit? 

By first decreasing the driving power of the alternator to 
be disconnected, until the other machines have taken all the 
load from it, and then opening its main switch. 

413. Can alternators be operated together in series? 

Yes, if their shafts are rigidly joined together so the ma- 
chines add their respective electromotive forces. Unless their 
shafts be connected, the synchronizing tendency which makes 
it possible to operate alternators so well in parallel causes 
them to get out of the proper relation with each other when 
connected in series. It is due to this fact that alternators 
are very seldom, if ever, operated in series. 

TYPICAL MODERN FORMS 

414. How may the t5^ical modern forms of alternating- 
current generators be classified? 

In two types: those with a rotating armature and sta- 
tionary field, and those with a rotating field and stationary 
armature. The former type is intended for comparatively 
light load service at low or moderate voltage, such as in 
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small isolated plants, and the latter type for moderate or 
heavy loads at moderate or high voltage. The reasou for this 
is obvious because of the greater facility with which the ex- 
tra insulation necessary for a high-voltage armature winding 
may be provided when the armature is stationary. 

415. Illustrate and describe an alternator with rotating 
armature and stationary field. 

A modern form of this type of alternator is shown in Pig, 
99, This is a three-phase 25-kilowatt machine built by the 



Fig. 9B. — Alternator with Rotating Armature and Stationary Field. 

General Electric Company, although it can be wound for 
two-phase 25-kilowatt service. For single-phase service the 
load is carried by any two of the three leads provided by 
the machine here illustrated, in which ease it is good for 70 
per cent.' of its three-phase capacity. It is furnished in 120, 
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240, 480 or 600 volt rating at 60 cycles frequency, and is 
self-exciting. It is intended to be driven by belt at a speed 
of 1800 revolutions per minute. 

The armature, shown separately in Pig, 100, contains two 
separate windings: the main generator armature winding, 
which is connected to the three collector rings at m; and the 
exciter armature winding, which is connected to the commu- 



Fig. 100. — Armature of the Alternator in Fig. 96. 

tator c. Referring to Fig. 99, in which these parts are let- 
tered the same, copper brushes a, etc., are used on the col- 
lector rings and carbon brushes e, etc., on the commutator. 
Both sets of brushes are mounted on the rocker arm r. 

The field magnet cores are of laminated construction to 
prevent eddy current losses and are cast into the frame /. 
The same field magnet coils s, etc., serve for both the gen- 
erator and exciter windings on the armature. The machine 
rests upon a sliding base b, equipped with a screw on the 
further end for adjustment in tightening the belt on the 
pulley p, and the hook h in the top of the frame is for use 
in lifting the machine. 

416. What is the general appearance of a modem 
alternating-current generator of the rotating field and sta- 
tionary armature type? 

A Crocker-Wheeler three-phase machine of this type is 
illustrated in Fig, 101. Its capacity is 100 kilowatts at 480 
volts and 900 revolutions per minute. The bearings being sup- 
ported from three-arm bearing frames bolted to the main 
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frame doea away with the necessity for a heavy base and 
makes the machine very compact. 

417. Illustrate and describe the principal parts of the 
generator shown in Fig. loi. 

The frame, armature core and armature winding are 
stationary. This part, called the stater, is shown separately 



Fig. 101. — Alternator with Rotating Field and Stationary Armatnre. 

in Fig. 102. The frame a is made of east iron and is circular 
in form, a shape which gives strength and rigidity with a 
minimum amount of metal. It is provided with slots c around 
its circumference for the ventilation of the core d within. 
The feet upon which the machine stands are a part of the 
frame casting. The armature core d is built up of thin flat 
steel rings or disks with slots punched around the inner 
periphery, and these are assembled together side by side, so 
that the slots register with each other and form channels 
across the core for the reception of the windings. The disks 
are clamped firmly together, with a spacing plate inserted 
so as to provide a ventilating duet e throughout the core. 

The armature or stator winding consists of form-wound 
coils h, which are thoroughly insulated and laid in the slots, 
which are also insulated ; they are firmly held in by means 



ALTERNATINO-CURREJIT OENERATORS 288 

of wedges. The winding terminates in the three conductors 
at m, by means of which the machine is connected in circuit. 

The field is the rotating part and is called the rotor. As 
shown in Fig. 103, it consists of a solid steel casting forming 
the field magnet poles and hub in one piece. The field mag- 
net coils A, etc., consist of flat copper atrip or ribbon wound 



Fig. 102.— Stator of Alternator in Fig. 101. 

on edge, or of copper wire, according to the requirements 
of the machine. Each coil is compressed, baked into a com- 
pact unit and made to withstand heavy mechanical strain 
without injury. 

The pole shoes /, etc., are of forged steel bolted to the ends 
of the poles. They are shaped to secure uniform distribution 
of the magnetic flux and also serve to retain the field magnet 
coils in place. 

The field current is conducted to the rotor winding through 
cast-iron collector rings r, etc., and carbon brushes. The 
collector rings are located one on each side of the rotor, 
producing a very compact and symmetrical design. Each ring 
is supported on a cast-iron hub, from which it is thoroughly 
insulated, and the hub and rotor are mounted on a steel shaft 
t, which extends beyond the bearings at both ends for the 
driving and the exciter pulleys. 
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The bearings are of the ring-oiling type and have remov- 
able caps to facilitate the removal of the rotor. The joamal 
boxes are of the sealed type so as to be free from oil slii^ing 
and are dustproof. 

The brush holders are provided with adjustable spring 
tension and the brushes are self-feeding. The holders are 



Fig. 103.— Rotor of the Alternator in Fig. 101. 

mottnted on brush yokes supported on insulated stnds at- 
tached to the bearing frames. 

Slide rails, as shown in Fig. 101, are furnished with each 
machine. These fit into planed grooves in the feet of the 
machine and the belt tension is reflated by means of ad- 
justing screws. 

418. What means are employed for exciting the field 
magnets of the alternator in Fig. loi ? 

A 125-volt direct-current generator is necessary for this 
purpose. This may be driven from the exciter pulley on the 
alternator, or it may be an independently driven machine, 
or it may be mounted on the alternator itself, as shown in Rg. 
104, at B, and driven by the alternator shaft. 

419. Do not some alternators have their fields arranged 
to compensate for the voltage drop in the armature 
winding? 

Yes; small single-phase alternators are sometimes pro- 
vided with two field windings similar to those on compound 
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direct-current generators, in one of which — the main wind- 
ing — flows the direct current from the exciter, and the other 
winding — the compensating winding — is supplied with recti- 
fied current from the revolving armature of the alternator 
which causes the excitation of the field magnet to increase as 
the load increases. Alternators thus provided with com- 
pensated field windings are equipped with a commutator 
as well as collector rings, and a series transformer, the trans- 
former reducing the voltage to a proper value for the com- 
mutator, and the commutator being necessary to rectify or 



Fig. 104. — Aitematcr with Direct-Connected Exciter. 

change the alternating current developed in the armature 
into direct current for the compensating winding. The com- 
plete circuits of a single-phase compensated alternator and 
its exciter are shown in Pig. 105. 

420. Describe the construction of the alternatof shown 
in Fig. 106. 

In this General Electric machine the exciter E is partially 
enclosed by the frame of the alternator. 

The revolving field and exciter armature are illustrated in 
Pig. 107, the former at / and the latter at a. Direct current 
at 125 volts is collected by the brushes 6, Pig. 106, pressing 
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upon the commutator c, and is fed into the field magnets /, 
Pig. 107, through brushes pressing upon the collector rings 
at r. In alternators of small output, the field magnets / are 
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Fig. 105. — Complete Circuits of Single-Phase Compensated Alternator 
and Its Exciter. 



wound with wire as in Fig. 107 ; whereas in the larger sizes 
requiring a conductor of greater cross-section to carry the 
current, copper strip is used, wound on edge and thoroughly 
insulated between turns and layers. 

The stationary armature core is made up of steel sheets, 
as shown in Fig. 108 at Z, etc., to reduce hysteresis and eddy 
current losses to a minimum. These laminations or sheets 
are stamped in segments, as shown, and are mounted on the 
inner' periphery of the frame, making lap joints to produce 
a compact magnetic circuit of low reluctance. Each sheet 
is held in place by means of a dovetail construction, being 
slipped down on the supporting fingers, e, etc. With the 
spacing plates in position and the clamping rings on, the 
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completed core has the appearance in Pig. 109, the spacing 
plates producing the ventilating ducts, (, etc., and the clamp- 
ing rings being bolted down as shown at m. 



In Fig. 109, where a portion of the armature core is shown, 
ame of the armature coils are in place. These are form 



wound, taped and treated with an impregnating compound 
to insulate and protect them from mechanical injury, and are 
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then inserted in the armature slots in an armor o of horn 
fiber. Notches are provided near the outer surface of the 



core for the reception of wooden wedges w to hold the arma- 
ture eoila in place. A three-phase winding is employed on 



vith Some Coils in 

this machine, the bared terminals i of the coils being con- 
nected together and thoroughly taped and the three end ter- 
minals led outside the machine, as shown at n in Fig. 106, for 
connection with the external circuit. In Fig. 110 a similar 
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view of the armature core on a larger alternator is shown with 
the armature coils partly in place. 

^31. Show how an alternating-current generator is ar- 
ranged with its exciter when the latter is belt driven from 
the shaft of the alternator instead of being direct driven 
by it. 

A 100-kilowatt, 2300-volt three-phase Fort Wayne alter- 
nator is shown in Fig. Ill, arranged to drive its exciter 6 



1 Large Alternator, par- 

by means of a belt d. The exciter is a 4-kilowatt direct- 
current generator delivering 125 volts. 

422. Describe the alternator shown in Fig, 111, 
The main frame is of cast iron made in two parts a and k, 
. which are bolted together through the sheet-iron laminations 
c of the armature core. The laminations are in sections to 
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allow for ventilating ducts and have inwardly projecting 
teeth, between which the armature winding is embedded, 
and projections extending out from the usual symmetrical 
outside circumference. In these latter projections are 
punched the holes through which the bolts pass, clamping 
the core and the two halves of the field frame together. 

The revolving field magnet of the alternator is provided 
with eight poles, fitted into a central laminated spider hav- 



Fig. 111.— Belt- Driven All«rnator Belted to Its Exciter. 

ing a dovetailed joint and taper keys to hold them in posi- 
tion. After the poles are inserted in the spider, end plates 
are bolted to each end of the core, closing up the joints. 
The poles are built up of sheet steel, punched to shape and 
assembled under pressure between two east-metal end plates 
which are riveted together.' 

The field magnet coils n, s, etc., are of strip copper, wound 
edgewise and put in place on the insulated pole before the 
pole is mounted on the spider. The extended pole tips on 
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the magnet core hold the coil firmly after the pole k in its 
position on the spider. The field coils are intended for 125 
volts excitation. 

The collector rings e, etc., through which direct current 
from the exciter is fed to the revolving field magnet coils, 
are made of cast iron; each ring is in one piece. Carbon 
brushes / are used. The brush holders are held by brass 



Fig. 112.— A 2400-Volt Alternator. 

studs insulated from but mounted upon lugs east on the 
bearing cap m. Each ring has two brushes so that one can 
be removed for inspection or replacement without interrupt- 
ing the operation of the machine. 

The wires j and k from the brush holders are led through 
a pipe p under the floor to the switchboard and exciter ter- 
minals, and the alternating-current leads from the armature 
of the alternator also pass through the floor underneath the 
machine to the switchboard and thence out of the station. 
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423. Describe the principal features of the form of al- 
ternator shown in Fig. 112. 

This ia a 200-kilowatt, belted three-phase alternator de- 
signed to give 2400 volts at 600 revolutions per minute. It 
is built by the Westinghouse Electric and Manufacturing 



Fig. 113. — Frame and Armature Winding of Alternator in Fig. 112. 

Company. The frame and armature winding of this type are 
shown in Fig. 113. The frame is solid and made of cast 
iron with dovetailed slots into which the laminated core of 
the stationary armature is built. Openings at c, etc., pro- 
vide air passages for the ventilation of the core. The frame 
forms no part of the magnetic circuit, its only function being 
the mechanical support of the armature core, as in the ma- 
chines previously described. 

The armature core a is formed by assembling dovetailed 
punchings of soft sheet steel within the slotted frame. These 
puuchings are separated as shown at e, etc., by spacing plates, 



ALTERNATING-CURRENT GENERATORS 239 

leaving a ventilating duet in the core, and are slotted to 
receive the armature winding w. The coils are separately 
wound, pushed into the slots and afterward connected at the 
ends. Flexible leads I are brought through the frame near 
the bottom for connection with the line. 

The coustruetion of the core of the field magnet, shown in 
Fig, 114, is somewhat similar to that of the armature, ex- 



Fig. 114.— Field Magnet or Rotor of Alternator in Fig. 112. 

cept that the laminations are dovetailed as shown at a, etc., 
into a rotating spider m, which is also laminated by being 
built up of thin steel plates firmly riveted together. Venti- 
lating duets are provided in the core of the field magnet, 
which register approximately with the corresponding ducts 
of the armature core. 

The field coils n, etc., are wound and slipped on the magnet 
cores before the latter are dovetailed into the spider. Each 
magnet core is further held in position by two taper steel 
keys. 

The field magnet coils are wound in molds, and made of 
copper strip bent edgewise. The strip winding is insulated 
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between turns with aebestos strips and the coils are held to- 
gether by a few turns of cord. 

424. How does a modern type of engine-driven alternat- 
ing-current generator look? 

Fig. 115 shows a Triumph 250-kilowatt, three-phase alter- 
nator designed to give 2400 volts. It is intended to be run at a 



Fig. 115. — Large Engine-Driven Alternator. 

comparatively slow speed in comparison with the belt-driven 
alternators previously considered and this necessitates a com- 
paratively large number of poles; 36 are used. 

435. Describe the principal parts of the alternator 
shown in Fig. 115. 

The armature coils can be plainly seen at c, in Fig. 116, 
which shows a portion of the alternator frame. The armature 
punchinga are annealed and varnished to reduce eddy cur- 
rent losses, before being assembled and clamped between the 
end plates. They are slotted to receive the armature coils, 
which are form wound, pressed in steam-heated molds so as to 
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exactly fit the slots, and are interchangeable. Provision is 
made for sliding the armature to one side to clear the revolv- 
ing field magnet, thereby exposing the field and armature 



Fig. 116. — Portion of Armature Winding and Frame of Alternator in 
Fig. 115. 

windings and giving good access to them for inspection or 
repair. 

The field-magnet spider. Fig. 117, is cast in two pieces a 
and b and bolted together as shown. The low speed per- 
mits the magnet cores n, s, etc., to be bolted to the spider 
instead of dovetailed into slots. These cores are built up of 
laminated punchings, annealed and varnished before being 
clamped between the cast steel end plates. The field magnet 
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coils are of machine wound copper strip bent on edge, and 
when insulated are slipped over the magnet cores, which are 
then bolted to the spider. Low voltage direct current sup- 
plied from 3 separate source is led to the field coils through 
carbon brushes pressing on the cast iron collector rings c and 
e, which are mounted on, but insulated from, the shaft v>. 



Fig. 117. — Field Magnet of Alternator in Fig. 115. 

The conductors leading from the collector rings to the coils 
are shown at d. 

For single-phase service the load may be carried by any 
two leads of the three-phase armature winding, but the kilo- 
watt rating will then be about 70 per cent, of the three-phase 
value : that is, 250 X 0.70 — 175 kilowatts. The machine may 
also be adapted to two-phase service without change except 
in the coils and armature punchings, the exciter and all ac- 
cessories being the same for both. 
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